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PHASE I REPORT

NATIONAL DAM SAFETY PROGRAM

Name: Compton Hill Reservoir

State Located: Missouri

City Located: St. Louis

Stream: Not Applicable

Date of Inspection: 27 January 1981

The CompLon Hill Reservoir has been classifed as being of high hazard

potential under provision of Public Law 92-367 by the St. Louis District,

Corps of Engineers. This report represents an evaluation of potentially

hazardous conditions, based upon a study of available engineering data and

limited site inspection by engineering personnel of Homer & Shifrin, Inc.,

Consulting Engineers, under contract to the St. Louis District, Corps of

Engineers. Evaluation of this facility was performed in accordanc, with the

"Phase I" investigation procedures prescribed in "Recommended Guidelines for

Safety Inspection of Dams", dated May 1975.

The following summarizes the findings of the visual inspection. Due to

the fact that the reservoir is closed (a roof covers both storage basins) and,

since the level of the reservoir is not subject to change as a result of storm

water runoff, the usual analysis of spillway capacity and overtopping

potential was not required. The hydraulic level of the reservoir is

controlled by pumping. The level is affected by user demand and by reservoir

leakage. Based on the visual inspection and primarily due to the deteriorated

condition of portions of the concrete walls about the perimeter of the

reservoir, the present general condition of the reservoir is considered to be

somewhat less than satisfactory. Although not considered to be an item that

could affect the safety of the reservoir, the reported structural condition of

the roof support system at the north basin could have, should collapse of a

portion of the roof occur, an adverse effect on the future operation of the

reservoir.
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According to the criteria set forth in the recommended guidelines, the

size classification of the reservoir, based on the height of the reservoir

relative to the surrounding ground and storage capacity, is intermediate.

A review of available data did not disclose that seeoage and stability

analyses of the embankment about the reservoir were performed in accordance

with criteria prescribed in the recommended guidelines. This is considered a

deficiency and should be rectified. An extensive stability investigation of

the north side of the reservoir was made by the Missouri State Highway

Department prior to construction of Interstate Highway 44. However, Lhis

investigation was performed primarily for the purpose of determining the

stability of the retaining wall to be constructed along the south side of the

highway adjacent to the reservoir, and did not include the possibility of

failure of the reservoir embankment. As a matter of record, it is recommended

that the Owner obtain a copy of the Highway Department report describing these

investigations and the results of the analyses performed.

The Compton Hl1 Reservoir is located in a highly populated area of south

St. Louis. Failure of the embankment and/or exterior wall of the reservoir

could result in loss of life, serious damage to houses, and extensive damge to

industrial and commercial facilities, important public utilities, or main

highways.

It is recommended that the Owner take the necessary action in the near

future to correct the deficiencies and safety defects reported herein.

Ralph E. Sauthoff
P. E. Missouri E-1909f

Albert B. Becker, Jr.
P. E. Missouri E-9168

George q. Hasegawa ()P. E. Missouri E-4551
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PHASE I INSPECTION REPORT

NATIONAL t.1AN! SAFF 1Y PROGRAM

C'1.PTUN HILL K7FSERVUIR - MO 31696

SECTION I - PROJFCT INFORMATION

1.1 GENERAL

a. Authority. The National Dam Inspection Act, Public Law 92-367, dated

8 August 1972, authorized the Secretary of the Army, through the Corps of

Engineers, to initiate a program of safety inspection of dams throughout the

United States. Pursuant to the above, the St. Leuis Dist.ict, Corps of

Engineers, directed that a safety inspection of the Compton Hill Reservoir be

made.

b. Purpose of Inspection. The purpose of this visual inspection was to

make an assessment of the general condition of the above reservoir with

respect to safety and, based upon available data and this inspection,

determine if the reservoir poses an inordinate danger to hunman life or

property.

c. Evaluati-n Criteria. This evaluation was performed in accordance

witi the "Phase I" investigation procedures as prescribed in "Recommended

Guidelines for Safety Inspection of Daf,.-," Appendix D to "Report to the Chief

of Engineers on the National Program of Inspection of Non-Federal Dams", dated

May 1975.

1.2 DESCRIPTION OF PROJECT

a. Description of Reservoir and Appurtenances. The Compton Hill

Reservoir is a rectangular shaped structure approximately 508 feet wiue and

836 feet long at the top. The reservoir contains potable water for urban

use. Water is contained within an inverted trapezoidal basin by a continuous

section consisting of an earthen embankment and a 10-foot high concrete wall,

which extends above the crest of the embankment. The height of the embankment

varies, but record drawings indicate it to be approximately 2().5 feet above
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the toe of slope of tne interior ',itc. , center wali -,ii arater the reservoir

into two eqial sections, the north JLa3. L nI th south naoir. A concrete roof

supported by concrete beams, which, ir, tirn, are supported ny C(;rlcrfte

columns, covers the entire reservoir. At nurmoi nigh w.'uter level, the

reservoir contains approximately 88 mTillion gallons, wihch is equivalent to

about 270 acre-feet of water. A general plan of the reservoir prepared prior

to tne construction of the roof, is shown on St. 'ouis e,-ater .,iorks Drawing

3730 and is included herein, reference Plate 3. An overview photograph of the

reservoir taken ouring tne inspectior i;,; shown followjnc the preface at th .

beginning of the report.

A survey conducted as a nart of this inspection indicates the earth

embankment about the reservoir to vary in height from apiproximoately 21 feet

above the original ground elevation at toe southwest corner of the structure

to about 34 feet at the noitheast corner of the structure. However,

excavation in 1969 for the construction of Interstate Highway Z44 near thle

north end of the reservoir resulted in an increase in tire neight of t e

earthen section at this end to about 40 feet ahove the roadway pivem-nt. 4.

retaining wall up to 21 feet high extends alonq Highway '-44 to retain the

earth bank along the cut sectl or, of the higlway. The Ljrvey al10 inaicat a

that outside the reservoir wall, the embankment has a top width of ahbout 18

feet and a slope of about Iv on 2.Oh, although the slope steepens to about Iv

on 1.9h in some locations. According to record ,Irawings, the slope of the

inside face of the embankment is Iv on 1.5h. The interior face is protected

by macadam, rock pavement, and two layers of concrete slab with five layers of

felt covered asphalt sandwiched between the two slabs. A puddle core of clay

constructed along the centerline of the embankment serves as a seepage

cutoff. A clay puddle seepage cutoff that joins the clay puddle core of the

embankment at about its base, lies beneath the floor and sloping bottom of the

structure. A cross-section of the embankment includina Highway 1-44 is shown

on St Louis Water Division Drawings 4536, 4537 ano 4545, reference Plates 17,

18 and 19. Cross-sections of the embankment obtained by survey during the

inspection are shown on Plates 20, 21, and 22, and tilu locations of the

sections are indicated in plan on water Division Drawing 3730, r,:ference Plate

3.



According to the construction drawings provided by the Water Division, the

concrete wall about the reservoir extends 10.6 feet atove the intersection of

the original sloping siJes of the bisin and tie inside Vace of the wall. The

top of the wall is also about 9.5 feet above the ground surface, or crest of

the embankment, on the outside of the wall, and approximately 38.5 feet a )ovu

the low point of the h)ottom of' the resurvuir. ihe footirg of the outside wil

is supporteo by concrete piles. A continuojs steel shout pile st-epage cutoff

extends from within thLe fuoting to bercck. The concrete Jivi.,iOn wall that

oeparates the north an_! ;outh n5i 1s a gravity sectn s also sfpported hy,

concrete piles. A continuous concrete wall, or diaphra(;m, "or s.fpage cutoff

extends from the outtom of the wali to oedrock. Details of 'Lj. ,x :teri.l walls

and division wall are shown on St. Louis Water Works Drawings 3734, 3735, aric

3807, reference Plates 5, 6 and 7. Scil norines obtainc,, along the 31ionmenE

of the exterior walls are shown on Drawing 3731, reference Plate 4.

A gate chamber is located at both ends of the division wall to allow

isolation of the north and south basirs and to provide some degree of control

of inflow and outflow from the reservoir. A remotely controlled, motorized

sluice gate is located at each of the openings for the intake and outlet

pipes. In all, there are three pipes, two on the east side and one on the

west side, that supply the reservoir. Depending on water main pressure, these

three pipes can also serve as reservoir outlets along with a fourth pipe that

connects to the west side of the structure. Both chambers also contain four

manually operated sluice gates, two from each basin, in order to control flow

into or out of the basins. The east gate chamber contains an inner chamber,

which drains to a 20-inch diameter pipe sewer. This inner chamber is provided

to drain the basins, provide an outlet for basin overflow, and to serve as an

inlet for stormwater runoff from the roof of the reservoir. The overflow

openings at the inner chamber are 1.4 feet high and 6.0 feet wide. Two

manually operated sluice gates, one from each basin, control flow from the

basins to the inner chamber. St. Louis Water Works Drawing 3730, reference

Plate 3, shows a plan of the reservoir including the gate chambers, and

Drawing 3807, reference Plate 7, shows details and sections of the two gate

chambers as well as a profile of the division wall.
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A five inch thick concrete roof supported by beams and columns covers the

entire reservoir. At one time, tennis courts occupied a portion of the south

half of the reservoir roof. The tennis courts have been removed, but the

stanchions for lighting the area still remain. The reservoir roof is normally

accessed via a stairway leading to the gatehouse on the west side of the

structure. Other stairways located at the corners of the structure and

leading to the roof are not normally used. Manholes and hatchways located in

the roof serve to provide access to the interior of the reservoir basins. A

general plan and sections of the roof are shown on Water Division Drawing

4471, reference Plate 8.

b. Location. Compton Hill Reservoir is located within the City of St.

Louis, just southeast of the intersection of Grand Boulevard and Interstate

Highway 44, as shown on the Regional Vicinity Map, Plate 1. The reservoir is

located within U.S. Survey Number 2498 in Section 21, Township 45 North, Range

7 East. As indicated by the topography shown on Plate 2, the reservoir site

is located at about the natural high point of the surrounding area.

c. Size Classification. The size classification based on the height of

the reservoir relative to the elevation of the surrounding ground, and storage

capacity, is categorized as intermediate. (Per Table 1, Recommended

Guidelines for Safety Inspection of Dams.) An intermediate size impoundment

is classifed as having a height less than 100 feet, but greater than or equal

to 40 feet and/or a storage capacity less than 50,000 acre-feet, but greater

than or equal to 1,000 acre-feet.

d. Hazard Classification. The Compton Hill Reservoir, according to the

St. Louis District, Corps of Engineers, has a high hazard potential, meaning

that if the reservoir should fail, there may be loss of life, serious damage

to homes, or extensive damage to agricultural, industrial and commercial

facilities, important public utilities, main highways, or railroads. Since

the reservoir facility is located in a highly populated area of south St.

Louis, failure of the embankment and/or exterior wall of the resevoir could

result in loss of life, serious damage to homes, and extensive damage to

industrial and commerical facilities, important public utilities, or main

highways.
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e. Ownership. The reservoir is owned by the City of St. Louis. D(- C.

Guilfoy is the Director of Public Utilities for tht- City of St. Louis and

Raymond F. Walters is Acting Coiimissioner of the Water Divisicn. Mr.

Guilfoy'; address is Room 311, Cl'y Hall, Tweltth & Market Str.e 'c St. Louis,

Missouri 63103. Mr. Walter's address is 1640 South Kingshigfnwuy, St. Louis,

Missouri 63110. Stanley T. Fletcher, Division Engineer, Desion and

Construction Section, Joseph J. Kammerer, Jr., Assistant Division Lngineer,

Design and Construction Section, and Thomas A. Rothermich, Division Engineer,

Operating Section, all of the City of St. Louis Water Division, served as the

Owner's representatives during the course of the investigations reported

herein.

f. Purpose of Reservoir. The reservoir impounds potable water to

satisfy peak demands and provide capacity for fire fighting.

g. Design and Construction History. According to a brass plaque that

had been placed at the reservoir site and now lies in storage at the

Kingshighway Avenue Office of the Water Division, the original embankment and

slope protection was constructed from 1868 to 1870 by the Murphy-Henderson

Company, a St. Louis Contractor. The plaque also indicateu that Thomas J.

Whitman was Chief Engineer for the project and James P. Kirkwood was the

Consulting Engineer. Construction plans were available at the W'-ter

Division's office, but due to the rather fragile condition of these plans,

they were not removed from their file drawers. They were, however, reviewed

by the inspection team. Engineering design data relating to this phase of

construction of the reservoir were unavailable.

Another plaque in storage indicated that the reservoir was reconstructeo

during 1915 and 1916 by the Hiram Lloyd Building Construction Company.

According to the plaque, Gordon G. Black was the Engineer in charge of the

project, and a firm by the name of Roth & Sturdy were the Architects.

According to Mr. Kammerer and plans on file with the Water Division, the

exterior concrete walls, the interior division wall, and the concrete slabs

and waterproofing on the interior slopes and bottom of the reservoir were

constructed at this time. Detailed engineering computations for desin of the

walls were available at the Kingshighway Avenue Office of the Water Division.
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Several drawings relating to the reconstruction of the reseivoir, reference

Plates 3 through 7, are ind:uled herein.

Mr. Kammerer reported that the concrete rnof covering the rservoir was

constructed in 1933. With the exception of several drawings showing details

of the roof and supports prepared by the Water [ivision, information reqarding

the design of the roof' was not available. A drawing showing the roof and its

supporting members, reference Plate 8, is included herein.

h. Normal Operational Procedure. The level of the reservoir fluctuates

depending upon main pressure and user demand. The reservoir is supplied with

potable water by pumping from the City's Chain of Rocks Treatment Plant

through what is referred to as the Compton Hill Reservoir System. However, it

can also be supplied through a number of bleeder valves that connect to the

City's Stacy Park Reservoir System. The Compton Hill System is termed a low

service system, whereas the Stacy Park System is a high service system. The

Chain of Rocks Plant is located on the west side of tLie Mississippi River at

about river mile 190, which is approximately 10 miles north and 3 miles east

of the reservoir. The Stacy Park Reservoir, which stores potable water

supplied by the Howard Bend Treatment Plant icc.ateu of. the Mis'so,jri River, is

located approximately 9 mile; west ;,nc 4 miles north of the rt:servoir.

Pumping rates to the reservoir arc increaled it ,ight and on weekercs to take

advantage of oft-peak clectrical costs. Histoiically, the water level within

the reservoir is at its maximumi elevation following we:erds, lowers during

the day, rises at night, and is at it< lowest ]levation just prior to the

weekend. Unusual water demands such as that caused by tire finhting may cause

deviation from the normal operatina procedures. The relative locations of the

Howard Bend Plant, the Stacy Park Reservoir, the Chain of Rock-, Plant, ano the

Compton Hill Reservoir, along with water main.s larger than 12 inches, are

shown on Water Division Drawing Exhibit A, retorence I'te 9.

1.3 PERTINLNT DATA

a. Drainage Area. The reservoir haas no iul low due to precipitation and

resulting runoff. The reservoir is L:overed by a roof, and root 'airlage is

sewered.



b. Discharge at Reservoir.

(1) Reservoir inflow/outflow ... Unknown

(.,) Drain capacity ... 30 cts (20-inch pipe s"wer)

C. Elevat~on. Except where noted, the following elevations were

determined from record drawings and/or survey. Elevations obtained by survey

are based on a benchl mark establishec at the reservoir by the City. The bench

mark, a chiseled square in concrete reported to be elevation 190.05, City

datum, is located on the top step of the doorway leading to the roof of the

reservoir of the west gate house. The conversion from the City of St. Louis

datum to USGS (ft. above sea level) datum is City datum +413.536. Elevations

shown are in City datum followed by the USGS datum in parenthesis. Topography

in the vicinity of the reservoir, obtained from the 1954 USGS Cahokia,

Illinois-Missouri Quadrangle Map (photorevised 1968 and 1974) is shown on

Plate 2. The topography shown on Plate 2 is in USGS Datum.

(1) Observed level ... 182.5 (596.0)

(2) Normal level ... Varies

(3) Normal high water level ... 185.4* (598.9)

(4) Overflow crest ... 186.6* (600.1)

(5) Overflow alarm level ... 186.4* (599.9)

(6) Top of grated opening at sewer chamber ... 188.25 (601.8)

(7) Maximum experienced level ... Unknown

(8) Top of reservoir wall ... 190.0 (603.5)

(9) Top of roof at wall ... 190.4 (603.9)

(10) Top of division wall ... 188.0 (601.5)

(11) Basin floor at toe of slope ... 154.0 (567.5)

(12) Basin floor (min.) ... 151.5 (565.0)

(13) Bottom of sewer chamber ... 151.1 (564.6)

(14) Invert 20-inch sewer ... 150.2 (563.7)

(15) Streambed at centerline of dam ... Not applicable

(15) Maximum tailwater ... Not applicable

*Per Mr. Thomas A. Rothermich, Division Engineer, Operating Section, City of

St. Louis Water Division.
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d. Impoundment (North and South Basins).

(1) Length at maximum level ... 831.5 ft. (interior, per Plate 3)

(2) Width at maximum level ... 502.5 ft. (interior, per Plate 3)

e. Storage Volume (Total North and South Basins).

(1) Normal high level (El. 185.4) ... 270 ac.ft. (88.0 MG)

(2) Overflow level (El. 186.6) ... Z51 ac.ft. (91.5 MG)

f. Reservoir Surface Area.

(1) Normal high level (El. 185.4) ... 9.6 acres

(2) Overflow level (El. 186.6) ... 9.6 acres

g. Reservoir. The height of the reservoir is defined to be the overall

vertical distance from the lowest point of foundation surface to the top of

the structure.

(1) Type ... Combined section: concrete wall (upper 10.0 ft.)

abov2 earthfill embankment

(2) Basins

a. Number ... Two (equal size)

b. Width (each) ... 414.25 feet (inside at top)

c. Length (each) ... 502.50 feet (inside at top)

(3) Embankment height ... 40 ft. (max. at 1-44)

(4) Height of total section ... 50 ft. (max. at 1-44)

(5) Top width of embankment ... 18 ft. (outside of wall)

(6) Side slopes of embankment

a. Interior ... lv on 1.5h*

b. Exterior ... lv on 1.9h (max.)

*Per 1868-1870 construction drawings.

1-8



(7) Seepage cutoff

a. Clay puddle*

b. Steel sheet piling**

(8) Embankment slope protection

a. Interior ... Two concrete slabs with a waterproof membrane

over rock pavement and macadam**

h. Exterior ... Grass

(9) Inflow/Outflow pipes ... 1-48", 2-36", 1-30" (all controlled)

(10) Overflow ... Two 1.4 ft. high by 6.0 ft. long openings, one each

basin (uncontrolled)

h. Overflow (Typical Each Basin).

(1) Type ... Uncontrolled

(2) Size ... 1.4 feet wide by 6.0 feet long

(3) Location ... East gate chamber at sewer well

(4) Invert ... Elevation 186.6 (600.1)

i. Reservoir Drain Facility.**

(1) Control ... Two 24-inch wide by 30-inch high sluice gates

(2) Gate invert elevation ... 151.6 (565.1)

(3) Outlet ... 20-inch diameter pipe sewer

(4) Location ... East gate chamber

(5) Sewer invert elevation ... 150.2+ (563.7)

(6) Estimated time required to drain basin at normal high level

a. At 30 cfs ... 55 hours (max., discharge without flooding)

b. At 50 cfs ... 33 hours (with flooding at manhole) ]

*Per 1868-1870 construction drawings.

**Per 1915-1916 construction drawings.
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SECTION 2 - ENGINLERING LAIIA

2.1 DESIGN

a. As previously indicated, data relative to the Uos.ms', Of the 1,-servoir

as originally constructed in 1868-1870 wele limited to i croup nt drawlngs Cf

the reservoir on file at the Kingshighway Avtn,:e office of toe 4,vter

Division. These plans were reviewed by the inspection team, but due to the

fragile cundition of these drawings, were not removed from the 4ater Division

office and are not included herein. According to details shown on these

plans, the slope of the inside face of the embankment is iv on 1.Sh, the

original width of the embankment crest was 20 feet, and the slope of the

exterior face of the embankment is lv on 2.Oh. Also shown on the drawings was

the original division wall separating the north and south basins. With the

exception of the information shown on these plans, no other design data were

available. Records did indicate that Thomas J. Whitman was Chief Engineer for

the project and James P. Kirkwood was project Consulting Engineer.

b. In 1915-1916, certain improvements were made by the City to the

reservoir. Records indicated that a firm by the name of Roth & Sturdy were

the Architects for this iecorstruction project and that the Engineer in Charge

was an individual by the name of Gordon G. Black. These improinents

consisted of a two course reinforced concrete pavement slab to be placed above

the original floor of the bottom and sloping sides, a reinforced concrete

division wall to replace the existing division wall, two reinforced icrncrete

gate chambers, one at each end of the new east-west division wall, and a

reinforced concrete wall to encompass the reservoir. Details of these

features are shown on Water Division Drawings 3730, 3734, 3735, and 3807,

reference Plates 3, and 5 through 7. Test borings to rock along the line of

the outside wall were obtained by the City and the results of these

investigations are shown on Water Division Drawing 3731, reference Plate 4.

As indicated by the details shown on the drawings, all of the structures are

supported by reinforced concrete piles and both the division wall and the gate

chambers have a 3-foot wide continuous concrete wall that extenos from the

bottom of the structure to rock. This wall acts as both a support for the

structure and a seepage cutoff diaphragm. Details on the drawings indicated
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the wall about the perimeter of the reservo r .3 ,1Linuou': str Nl sheet

piling seepage cutoff uiaphraym that extus, rum trh- t asL cif trie structure to

rock. From information shown on the urawirsu., *t car je seen thu t the new

pavement slabs and division wall were pruvi,:-,! with e,;),jansiri ji)ints;

however, no such details are given for the siue wAlls andi none were noticed

during the inspection. Engineering computations for the desigr, including

stability analyses, of these walls were on file at the k<ingshihwav 4venue

office of the Water Divisioi. A review of these computations indicated the

design of the walls to 5e satisfactory.

c. The reservoir was again improved in 1935 by the addition of a roof to

cover the north and south basins. Details of the roof system, including the

locations of columns supporting the coof beams, are shown on Water Division

Drawing 4471, reference Plate 8. As indicated on the drawing, the bases for

support of the columns on the sloping portion of the basin floor are

continuous, extending from the vertical wall at the top of the slope to the

near level area of the floor one bay in from the toe of the slope. Additional

drawings of the roof system showing details of the beams and columns are on

file at the office of the Nater Division. However, design computations for

these members could not be located.

d. In about 1967, a detailed engineering investigation of the north side

of the reservoir was made by the Missouri State Highway Department for the

purpose of determining the stability of the reservoir embankment under

conditions to be imposed by Interstate Highway 44. As previously inoicated,

Highway 1-44 lies parallel to and just north of the reservoir. The higtway in

this area is a depressed section with a retaininq wall, that varles in height

from about 21 feet at the west end of the reservoir to ipproximately 10 feet

at the east end of the facility, located adijacent to the south side of the

highway. The retaining wall is a reinforced concrete, counterfort type,

section with its footing bearing on and keyed into rock. The wall backfill is

primaily sand and a continuous 18-inch diameter pipe drain with a crushed

stone drainage blanket, that covers the fointI and the drain pi;e, is located

at about the heel of the fuoting. The location of the retaining wall relative

to the north side of the reservoir is shown on Water Divisior) Drawin;s Numbers

4532, 4533, 4536, and 4554, reference Plates 15, 16, 17, and 1, respectively.
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Cross-sections atf the nc r L )h t iI )nk [t i 1 J r, tU 'i q1 N y :aFii

based on survey data otjiiiwud V1110 r I- H''tL(. iu if515' iiii, rvl~tt- 20

report, dated April Li , 19)5/, Llt'SCri 'Il ri t., hie n~i rJ y I-i hiiiriL'y

Department duri ug thu courAe of t rA dly ul a i; O i ris afl : t ti thu2

proposedi reta-ininc, wal 1, as wl a s t i orr-p fr -) ns- rjc:, jun of the

wajll, was prepare'd by Mr. Puy Ruck&'r, M 1t-rii- P sarc;Lrier,

Mis souri 3taite Hiclhway Department. lli hw 6y [ ulti i iy C't a) Derffi t

release of their report at this tinu fur dicldu~i wi i u rt-porL,

11 though it is undO rs tucud th~at it ii..v 1 tu, mri,: iva i L pn~C'*'tt h

City. The report, however, was rev 1e.wiuJ by tho I ospes on t. cn.

The report Indicates that 'Lwo line,; ,)f :iez uineter were inst;alkud w-ithin

the north slope of the reservoir for the purpose of octaining ground wNater

levels. It also states that se~verail test hcrincjs were rwade, in the vicinity of

the slope, and tnat uniistu:rhed samples of the soil eticountered inr these

borings were ebtaineu. Vane shear tests were ailsre mat'. softer ndwetter

zbnes of material encoun)J(_tere:d in the borings. Duron the CcoUr-,e of these

subsurfac-e invest icct ia-ns, the report states tha t the most sitenii ic nt finding

was the unexpectedly high water elevations within the niezometers and the

lower rock line, boto in the v icinity of' the northeast corner of the

reservoir. Chemical analysis of the wa-ter indicateu, it to be lekac' rumr the

re2servoir. The soils eocotjntered wert e mmi fico ais Leing of 1lessa l oricir,

overlying residual clay. In addit ion to vaine shear ttusts, dirt2'r shear tests

of saturated soil samnples ;i)d unconfinterj compres;sion touts were perf'ormedi.

The most consis tent anid reli anile dmaa oNre considered to be- touti oft, ineu, frcem

the direct shear tests, anca this daawas used in) the 'sta!biliisy aonal\ses.

Strengtni values for the loess aind res ii telA claly we;re adopted fr' tht_-se tts

for use in stability ale.

Lccordiog to the re2port, stahi Ii y -inalyses were per formed us InT b4 ct 0 thte

5iock and wedtip methU annfl th-e Swedish;I circle fmethod, al1thour;h the- 'ol;-ck a-.nd

wedge method was consideredi the more appropriate of the two and wajs usi:n

durinn final desion. Certain active wedqte and hydrostatic pr-essure cundit jUns

were assumed ind analyses-- Niere rnade.. For the construction condi tion, the

report indicates ai miimum factor of s-ifety of fl. Q wit h the watter leve~l (of'

the reservoir) at oievation 588 (elev:1 iun 1711 .5 City uatum) ,nd 1._5 with t; e



- _. _ __.;_ _ _ n --T ' -TL " ,, .,,r.. ... t = -

water level at elevatioti 561' (5levV iu I . A G/ in). iA fidniur sa fety

factor of 1.,15 is given for '.final (a ffl: 0 so t i orJitior

The report also ,iiuressLs the s,:. S<M .c rvol t-,ttli-ontt iur to

dewatering of the baein during cnns"tr i of n t

highway. A statement in the report ir-icjtt- tint it Ir.not , posit"ively

stated that no adverue effects to the( r--srv,[, Cifrom the; p'o:;):'- cot,

oackfili and drain method o" constructi [on Aill ,occur. :his -- :jt-lieved to Lt

in reference to the type of wall shoAn un the chay exhinit included in the

report. The exhibits show a reinforoed concrete or crir.) wa1I founded onr earth

above bedrock. An alternate design consisting of a huttrelsed wai of

reinforced concrete keyed into beorock is recof ,mended. / dditional

recommendations regarding construction methods an deaterinq of the north

basin of the reservoir, are also presentec.

Other correspondence in the Hignway Department file indicated the buttress

(counterfort) wall should be designed for lateral earth pressures of 70, 85

and 1CO psf depending upon the location of the section, that the wall should

be designee for possible development cff hydrostatic pressure fro full

reservoir level down to bed, rock, aid that the wall focting should be embedded

a minimurr of 6 inches into sound rock in addition to heilo keyed into rock at

least 12 inches to prevent sliding. ,lnother letter in the file recoilends

replacement of excavated earth (bacKfill) with sand bacfill, the use of

crushed rock about the subdrain pipe, and the installation of several

permanent piezometer. in th(e north slon'e for the purpose r r; onitorino ground

water levels between the reservoir and the highway retaining wail.

From the details shown on Plate 17 and Pt ite 19 as coll a:, cbservations

mace in the field during the inspection, it would appear that these

recommendations were closely followed.

2.2 CONSTRUCTION

As previsouly stated, the reservoir was originally constructed between

1868 and 1870 by a general contractor by the name of Mulphy-Henderson. With

the exception of the construction plans on file with the Water Division, very
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little is knoNri reJar .i nj ti s corlst .! rI -. t of th 'o, ;ctivitie':

ex.st , they Ire s91,-r: .iW tc aI'JiV,; I Uhf- Lity.

As re*o:i et s ,1,h-or 1,, I ] vcoort , ! e ! r r. I :, [Tui ] Inj

Cci.struction :or, pi:a y wis t .n or t , I'y r " s i ; "hIc fur th, r'--e ivoj r

reconstruction wcr'. thalt oncuLrrtd ] JY.-:t f/P oav [i.. I:j0 r" a rjmrLcr

of the coistricticn (Irv-i I l;'rn ,- 2 t.'_Jt in Fr e . vo'- r a,

inulced hertwith, re",:e rcr oi-t, " ,'O:h .. t(d: rrricl ;.:a. 2rt OT U-'e

rer'uired reconstruction ar. on If-. 3I . th ,- ft V I .snv ior y , T t ic, of tr-

Water Division. . o c ther rccrs tc cL crstroc t mi art v .i : were

available.

Also, as previously reported, the reservoir basins ..ere coverec W, it; a

reinforcec concrete roof system in 135. A dcrwirn,, reference 0 late,

showing a general plan of the basin cover 'iunl with sections throuch tr.e

basin that show tht roof siao and means of support is included ht-ruin. rlu

name of the contractor who constructed the roof is UnKrOGn, a-j infor-,rtion

relating to the actual construction wro unav3i!able.

2.3 OPERATION

The level of the reservoir is qoverned by system pressure, which

fluctuates witn user demand. The reservoir is norma_.ly supplied by pumping

potable water from tht Chain of Rocks< Water Treatment Plant. Aowever, tne

reservoir can also be supplieJ from the Stacy Park Reservoir h".jh service

system through, i nuiber of remotely controlled oleeder valves. The 'alve on

the 48-inch ciameter steel pipe located near the intersection of Comptof, Hill

Place (formerly Louisiana Avenue) and Russell Aven e is th, valve most

commonly used for this purpose. A 36-inch diameter pipe that connects La the

south side of the east gate chamber delivers the Stacy Park System water to

the reservoir. Flow from the Chain of Rocks Plant enters the reservoir

through a 48-inch diameter pipe that connects to the r,,rth side of the east
gate chamber and through a 30-inch diameter pipe that cnnnects to the north

side of the west gate chamber. Reservoir outflow can occur at four locations.

In addition to the two influent lines from the Chain of Rocks Plant and the

line that connects to the Stacy Park System, which can also serve as effluent
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lines should system :su . : I' , I' .. T

reservoir at the ntjtL 'h ,- A th- , ,. . , ., t! IL.'

motorized sluice (xtu; - L 1,-t ,.- ,,.

prevent reservoir out . ,h ii, t,, ,

Divisior Drawings Ao .:.: f... ::it ,',t, rjmjI

distribution system in tic vicriitv tI. :., r :, i. rei ,

reference Plates 11 jr, , . 1is L I. trt :- ,j w;ater

Division Drawin : A-li,, re-,ercve , .' 1' eai' r ', t , 3 cy Par,<

Reservoir and the Cha1r of :locks t . , i .r: r Is-r,.r t- a-. !2 inche,;

are shown cn Water Divisio, )r, in,: , 9'.L >: PIu' 9.

A concrete wall diviues the rtu:rvoir into two equal casins, the north

basin and the south basin. Four manually operlsed sluice gates within the

east and west gate chambers allow flow to reach both basins, or aIlow the

basins to be operated independently. ;he normal method of operation is to

supply both basins simultaneously ann to operate the basins .n parallel.

A sensing device attached to a bubbler tube locatei, P;, the west gate

chamber transmits via telephone lines tr-e level of the reservoir to the pump

control room at the Chain of Rocks P.lant -,n,J to trie Kinnshihway Avenue office

of the Water Division. An alarm is siqnallei at 'the Lhir' .t n, ,cks Plant and

at the Kingshighway Avenue office in the cveiiL of exct:ssive rc-ervoir level.

The alarm level is set 1.0 foot above the normal hich water level. A staff

gage located within the west gate houre also indicates the Ivel of the

reservoir and is used to check the level transmitted Lv the tlemetering

system. A gasoline operated generator located wIthin the west oq.te house is

available to provide electrical power to the telemetering -ysttm in the case

of an electrical outage. Two rectarrgular openings, each appioximatrely 1.4

feet high and 6.0 feet wide, located in the gatewell at the eaist oate chamber,

are provided for basin overflow. Ihe inverts of the overflow openings are

about 0.2 of a foot above the high wa -r al.irm level. Tw, manually operated

sluice gates located in the qatewell at the west end of the east gate chamber

are provided to drain the basins. 4-20-inch diameter sewer located in the

bottom of the qatewell serves as an outlet for reservoir drainage. The east

and west gate chambers includi g the locations of the gates within the

chambers and the sewer pipe at the east gate chamber, are shown on Water

Division Drawing 3730, reference Plate 3.
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2.4 EVALUATION

a. Availability. Enqineerinq i:ato for i,-essini the de:,irn of the-;

reservoir were available. Reaoily Ivuita !.to was limited Lu the details

shown on the original, 1868-1870, plans foi construction of the facility, the

1915 set of plans for reconstruction of the reservoir, the computations for

the design of the walls, etc., constructec In i915-191,(, and the drawings

prepared in 1931 for construction of toe roof system.

Seepage and stability analyses of the embankments f' the reservoir

comparable to the analyses prescrihec by the recoiirmenr(! guidelines were not

available.

b. Adequacy. L*Onsiderinq the lono ii, tory of s.tisf.ctor. perf'ormancu,

the inspection team is of the opinion that tho details shown L.,i th,'

construcrtion plans for the reservoir art, Jf(Muate to assess t! 2 design ef the

facility, which is consideret,, In eer], t,) be sat isfort-r '. However, as

indicated in Section , paro lr,'pyh 4.,, certoiin improvements (:n the rcservoir

are necessary to insure the cer tinu S jafoetory perfoi :ance ft t.h

facility. As indicatpe, ahove , seeip .,!id ot;iility or lyses of the

embankments of the reservoir comp~r2;ic to te requjrr:,ts of thie

"Recommended Guidelines fo f ,rafety inspection of Dams" t-re not ovailahie.

These seepace and stat-,ility o;:1v,,s should Le performec for anpropriate

loading conditions (iricludifnd1 'sirtf quakc loads) and made a matter of record.
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SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS

a. General. A visual inspection of the Compton Hiil Reservoir was made

by Horner & Shifrin engineering personnel, R. E. Sauthoff and G. K. Hasegawa,

Civil Engineers, and A. b. Becker, Jr., Civil and Soils Engineer, on

27 January 1981. Messrs. Kammerer and Fletcher of the City of St. Louis Water

Division were present during this inspection. An examination of the reservoir

area was also made by an engineering geologist, Jerry D. Higgins, Ph.D., a

consultant retained by Horner & Shifrin for the purpose of assessing the site

geology. Also examined at the time of the inspection were the areas and

features below the reservoir within the potential flood damage zone.

Photographs of the reservoir taken at the time of the inspection are included

on pages A-1 through A-7 of Appendix A. The locations of thu photographs

taken during the inspection are indicated on Plate 3.

b. Site Geology. The Compton Hill Reservoir is located in the southern

portion of the City of St. Louis. Most of the original topography anu

drainage in this area have been modifieo by urban development; however, the

older topographic maps indicate that the original surface orainage was away

from Compton Hill into small creeks that drained into the Mississippi River.

Some of the drainage undoubtedly was internal into Whe river through sinks

developed in the soluble bedrock. The site is locateo on the northeastern

flank of the Ozark Plateaus Physiographic Province.

In the general area of the reservoir, the bedrock cunsists of

Mississippian- and Pennsylvanian-age sedimentary strata which aip gradually

toward the northeast into the Illinois Basin. There art no beurock e\pssures

at the reservoir; however, there are several outcrops in the I-,44 ruanway cut

just north of the site. The reservoir is located on the Mississippian1-age St.

Louis formation. The bedrock is a gray, finely crystalline, medium- to

massive-beuded limestone. The formation has been subjected to extensive

solution weathering, and caves, sinks, and otlter karst topographic features

are common. Numerous sinks, now filled as a result of city development, were

located along a northeast-southwest trend several blocks east of the reservoir
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(Missouri Geological Survey file map). "ossible qeologic problems associated

with these features include reservoir leakage, arid aithoufph unlikely, sink

collapse.

The soils at the site have been disturbed and reworked by construction

activity, but originally consisted of loessal snils (ML, Unified Soil

Classifcation System) over the red residual clays (ML-CL) derived from

weathering of the limestone. Most of the area is now paved or extensively

modified, and only the residual soils immediately above the limestone bedrock

in the 1-44 highway cut may be considered to he undisturbed.

The most significant geologic conditions noted at the site are the karst

features associated with the limestone bedrock. The presence of numerous

sinks and caves suggest extensive solution weathering of the bedrock. The

reservoir has been functioning for many years, and there is no suggestion,

from the geologic reconnaissance, that any geological conditions have been

detrimental to its performance. However, the karst features are prominent in

the area and potentially could adversely affect the reservoir.

c. Reservoir. The exterior portions of the earthen embankment,

reinforced concrete side walls, and roof of the reservoir wer examined and,

except as noted herein, were found to be in sound condition. (The interior of

the reservoir was not examined at the time of the inspection due to the

presence of water within the reservoir.) Photographs of the reservoir walls

and embankment slopes taken during the inspection are shown on pages A-l

through A-4 of Appendix A, and cross-sections of the embankment obtained by

field survey at the time of the inspection are shown on Plates 20, 21 and 22.

No cracking of the surface, undue settlement of the crest, or sionificant

erosion of the embankment was noted. Examination of soil samples obtained

from the four exterior sides of the reservoir embankment at about the center

of each side indicated the surficial material of the embankment to be a

medium-to-dark brown silty lean clay (CL) of low-to-medium plasticity.

A small bulge (see Photo 2) that extended westwardly approximately 80 feet

from the stairway at the northeast corner of the reservoir was noticed in the

face of the north embankment at a point just above the toe of slope at the
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location of a reported (1972) slope failure. However, no evidence of seepage

was visible on the surface of the slt)t, and nc signs ot recent movement or

other indications of instability of the slope were noted, althouqh the

sidewalk which parallels the north slope near the toe appeared to have settled

approximately 2 inches relative to the concrete stairway and landing located

at the northeast corner of the embankment. The crest of the embankment was

uniform and with the exception of an 8-inch diameter tree stump with sprouts

located adjacent to the wall near its midpoint, was uniformly covered with

grass. Although flow was not evident, water was visitle within the two

manholes for the 4-inch underdrain near the top of the embankment. As

indicated in Section 4, paragraph 4.2f, the subdrain flows were measured on

February 6, 1981, and the data obtained are indicated on Chart 4-47. Five of

the original seven piezometer tuoes (see Photo 3) that had been installed in

1977 were located and found to be in serviceahle conoition. Ground water

levels were measured on February 6, 1981 at the five piezometers located, and

the elevations of the water surface ire indicatedi in the schedule on Chart

4-48. Observed groundwater levels were not abnormally high, and in general,

were found to agree with the data shown by the City on Plate 19. Piezometer

No. 4 is shown in Photo 3.

The exterior portions of the east and south embankments of the reservoir

(see Photos 5 and 8) were inspected and appeared to be in satisfactory

condition. Standing water was present in a low area near the toe of the east

embankment at the north end adjacent to the driveway accessing a storage

building. The origin of the water could not be determined, but its location

indicated the water was, in all likelihood, a result of stormwater runoff.

The exterior face of the west embankment (see Photo 11) was found to be

somewhat irregular along the northern portion due to numerous ruts caused,

reportedly, by the tractor used to cut the grass on the slope. The turf cover

was sparse within the ruts. An 8-inch diameter vitrified clay pipe sewer had

been excavated along the south side of the stairway which ascends the west

embankment at its center. The sewer, which was under repair, was leclking at a

rate estimated to be less than 1 gallon per minute through a 1-inch diameter

hole in the pipe. The source of the flow in the sewer could not be determined.
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The exterior sid of the concrete vall whicoh encompasses toe resejrvoir at

the top of the embankment, was examinetd and found, at rnLmerous loc;atinlls, to

be extensively deterioratefi as a result of spaIling of the surfaice. Numcruus

hairline type cracks were noted At these I-palled areas; however, no major

structural defects were observed. Exp;nsion or contraction joints were not

visible in the wall, and moa;t of the cracks ohoserved teoded in a vertical

direction, although a good number of horizontal cracks were also noticed. Due

to the fact that the will had been urtace co:ited (in 1960) oy 0ounitinr, it is

possible that not all of the Lrdcks in tl w;jl1 were] seen. -i e dc-posits (see

Photo 20) were noticeable at many of tuLe cracks indicating some seepage of

water through the wall. The exterior lace of the north wall (see Photo i)

appeared to be in good condition with only a few relatively small areas 4f

surface spalling. Tle surface of the east wall (see Photo 4) wa< r:iar~em with

several large areas of spalling. iost of the spalls were shallo.,; how(ver,

at one location just north of the center of the east wll, the c:eterioration

at the top of the wall extended approximately 15 inches (see Pocto 6) beneath

the roof slab. The upper 2 feet of the south wall (see Photo 7) was found to

be spalled across much of the length of the wall. At the top of the south

wall, the spalling extended up to six inches beneath the roof slab (see Photo

9) and the reinforcing bars were exposed at several loc;ltions. rhe west wall

(see Photo 10) also had several large areas of spallin (see Phot) 12) ard
again, the reinforcing bars (see Photo 21) were exposed at sever;il locations.

In many instances where the depth of the spail was quite swall, say on the

order of one-quarter of an inch, the spalled section included the gurited

surface coating and a thin layer of the original wall surface.

The overall width and length of the reservoir structure at the level of

the top of the embankment was measured during the inspection for the purpose

of verifying the dimensions show on the plans. Accord inq to the dimensions

shown on Water Division Drawing 730, reference Plate "',, the overall width of

the structure is 505.5 feet and the overall length is 834.5 feet. Surveyed

distances indicated the overall length of the north side to he 507.3 feet, the

south side to be 507.8 feet, the east Side to ue 836.4 feet, and the west side

to he 835.6 feet. The survey also indirated the outside face of the reservoir

wall, which is shown on Water Division frawinq 3735, reference Plate e,, to he

a vertical wail, to hke out of plUmb wth the plane of the wal I leanicn; inward,
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or toward the center of the structure, at each of the four, one at each side,

locations checked. At a distance approximaitely ,.0 fe,- above the ground, the

deflection varied from 0.12 feet for the nortLh wai to 0.21 feet for the south

wall, and from 0.19 feet for the east wall to 0.214 feet for tne west wall.

(It is possible that the wall was given a slight inwarA batter during

construction in order to give the section a more stable appearance. In any

event, due to the rather uniform ti t of 10)e ',all and the fact that deflection

of the wall oue to load would he in the opposite direction than that observed,

since it is a cantilever, the inspection team is of tho opinion that tnLre is

no significant foundation or structural prohl,,.- associated wit!o this

deflectiun.)

The top side of the concrete roof was examined and, except as rioted

herein, appeared to be in satisfactory condition. Thu northern une-half of

the roof, which had been resurfaced (in about 1948) with a sand-cement grout,

tiad only a few minor hairline type cracks and appeared to be in very goc-

condition, although stains in some areas indicated tnot minor ponding may

occur on the roof as a result of poor drainage following periods of

precipitation. The southern one-half of the roof was surfac.d with what

appeared to he a tar and gravel seal coat. The seal coat was !,lcking at many

locations and several areas of spalling of the concrete surface of the roof

were evident. Additional deteriorated material (type urknown) 'hais present o-

thL roof (see Photo 13) within the areas which at one time served as tennis

courts. Steel columns which are believed to have supported liqhts icr the

tennis courts (the courts are no longer used and the general public is not

permitted on the reservoir roof) were located adjacent to the trnnis courts.

As previously indicated, the roof support columns and beams and the underside

of the roof was not inspected due to the presence of water within th,

reservoir.

Both the interior and exterior of the west gate house (se Photo 14) as

well as the exterior of the east gate house (see Photo I')) were inspecte(d aoi

found to be in satisfactory condition. The equipment within the west oate

house and the operators at the east gate charrmber were a1lso examined but not

operated as a part of the inspection. The motorized gate ope, ritnrs (see Phuto

16) for the effluent pipes on the west side of the resurvoir, m,,d the
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telemetering control panel (see Photo 18) within the west gate house appeared

to be relatively new and well maintained. The staff gage, manual gate

operators (see Photo 17) as well as the staridby generator (see Photo 19)

within the west gate house and the manual operi.tors at: the east uate chamber

(see Photo 15) were examined and also founed to be well maintainec and in

satisfactory condition.

d. Appurtenant Structures. No appurtenant structures were )bserved at

the reservoir.

e. Downstream Channel. As indicated on Plate 2, the Compton Hill

Reservoir is located upon the crest of a hill. Interstate Highway 44 lies

parallel and adjacent to the north side of the reservoir site. A City park

surrounds the reservoir, but is more pronounced on the east ano west sides

than on the north and south sides of the facility. Residential areas adjoin

the reservoir park on the east, west and south sides, and a hospital borders

Grand Avenue at the west side of the facility.

f. Reservoir. At the time of the inspection, according to the staff

gage in the west gate house, the water level within the reservoir was at

elevation 182.5, City datum, which is about 2.9 feet lower than the normai

high water operating level and approximately 4.i feet below the level of the

overflow openings in the east gate chamber. According to a chart within the

west gate house of the reservoir, this level corresponds to storage equal to

78.6 million gallons which is equivalent to about 241.2 acre-feet of water.

3.2 EVALUATION

The deficiencies observed durino the inspection and noted herein z:ore not

considered significant to warrant immediate remedial action. However, it is

recommended that, as soon as practical, provisions are made to prevent further

deterioration of the concrete walls about the reservoir.
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SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES

The water level within the reservoir is governed by system pressure, which

fluctuates with user demando. The reservoir is supplied with potabie water by

pumping from the City opeiateo Chain of Rocks Treatment Plant. However, it

can also be supplied, through a number of cross connections with bleeder

valves, from the City's Stacy Park Reservoir System. Flow from the treatment

plant is increased at night and on weekends to take auvantage of lower

electrical costs. The level of the reservoir is also affecteu by leakagt.

Additional information relative to the operation of the reservoir is presentec

in Section 2, paragraph 2.3.

4.2 MAINTENANCE OF RESERVOIR

a. Routine maintenance of the exterior slope of the embankment, such as

mowing the grass, is performeu by the St. Louis Parks Department. All other

reservoir maintenance is performeo oy the Water Division. The exterior of tne

reservoir, i.e., the embankment slopes, retaining walls, roof, etc. is

routinely inspected by Water Division personnel. A summary of items

pertaining to maintenance for which recurds are available follows:

b. Leakage tests were performeo by the St. Louis Water Department during

the period from 1900 to 1902. Recoras of the tests were availaole, but have

not been includeo herewith since the reservoir was raised approximately 10

feet and the lining of the bottom ano interior eimbank ent slopes has been

signficantly modifieu since that time. A report dateu January 25, 1901,

indicated the leakage from tine nortn basin to be 0.62 MGO (82,300 cubic feet

per day), and leakage from the south basin to be 1.94 MGD (258,200 cubic feet

per day).

c. An Annual Report of the Water Commissioner of the City of St. Louis

for the Fiscal Year ending April, 1903, reference Chart 4-1, records the

repairs maoe on the stone pavement of the south basin during the previous

summer and fall. It also states that leakage tests of this basin were made
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before and after grouting the pavement, and that the results of these tests

indicated a decrease from 156,000 cubic feet to 118,300 cubic feet in a

24-hour period. In addition, the Repurt states that ,,-,veral cavities

approximately 10 feet in diameter and / or 8 feet oeep appeared in the slope

of the reservoir near the middle of the east side during January of 1903.

According to the Report, the depressions, which may have oeen uaused by sink

holes, were filled with earth and stone.

o. On April 19, 1973, an inspection or" the north casin of the reservoir

was made by personnel of Sverdrup & Parcel anuc Associateos, Engineers-

Architects, St. Louis, Missouri, along with representatives of the City Water

Department. According to a report prepared by Sverdrup & Parcel, reference

Charts 4-2 through 4-6, the purpose of this inspection was to determine the

probable cause of excessive basin leakage and to recommend pioceoures for

sealing the basin, at least to the point where Lhe leakage from the basin is

acceptable.

The report states that the north basin of the reservoir was drained during

construction of Highway 1-44, and that after tne highway was completed, it was

refilled. However, soon afterwards, an objectionable amount of leakage was

noticed, and subsequently the basin was draineo again for inspection and

repair. In addition to the problem of excessive leakgt-, the report states

that there are many instances of structural problems in connection with the

roof system and its supports. However, due to the demands for water duriag

the upcoming summer season, repairs to the roof system would have to be

postponed until the end of summer.

The report argues that the most apparent cause of the leakage was the

drainage of the basin for construction of the highway, ano reasons are given

to support this hypothesis. It also states that the structural problems

associated with the roof are due mainly to the fact that, except at the

perimeter of the roof, there are no provisions for expansion and contraction

of the roof slab. The writer mentions that movement ot the roof, d section

about 400 feet by 500 feet, has produced stresses in the roof columns

resulting in tension cracks and compressive crushing of the concrete, as well

as many instances of cracking and spalling of beams immediately adjacent to

4-2



the columns. It is also pointed out that thu cxpillsinun joints lletweetn thu

perimeter columns and the roof slob beams are ino long,er functiunlrylJ

effectively in many locations, -and that tne columns i;n many places have been

pushed asioC until the beam bearing rea is rew.,Jceo to as littl as one inch.

Other, but not as serious, structural problems associateu with the roof system

are indicated.

The report gives rucomenoaLions fol repairing the basin floor slab

expansion joints. It is also recommended that the repair wurk b. concentrated

in the areas of the sloping slabs on the north side of thu basin as well as

along the north ends of the east ano west sides and in the first bay of the

flat portion of the floor immediately adjacent to the sloping slabs. A

recommendation is also made that the outside of the wail footing in the area

of the greatest leakage be excavateu in order to inspect the bottom of the

wall footing. The report states thaL if voids exist Leneatl, the footing, the

spaces should be sealed with grout.

The author continues by indicating that postponing the structural repairs

to the roof system until after the summer season is an acceptable risk, since

a failure of the roof would be partini only and would not involve the entire

roof, or tne basin walls. The report s:tates that following the summer demand,

when the basin is drained to aiiow further repair work, that the levei of the

basin be reduced slowly, at the rate of one to two feet per day, in order to

allow hyorostatic pressure on the underside of the basin floor to dissipate

and not force out the expansion joint material or uplift tne slab.

In conclusion, thu report states that a comprehensive engineering

investigation of the north basin is requireG to determine the requireu

structural repairs as well as the most feasible and economical means of

accomplishing the repairs. It recommends that the south basin also be

inspected and repaired where necessary in a manner similar to that used in the

north basin. ]he report states that with a few major improvements, the

reservoir structure should continue to function satisfactorily for quite some

tine. However, it does caution that ruplacement of the expansion bearing

plates and the rehabilitiation and stabilizing of the columns supporting the

perimeter beams be given the highest priorities.
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e. Leakage tests Of the reservoir Ojr iis e:pr pui rrw d 14 persoine of

the Water Division during FebrUu,2y anno March Uf 1'473 ad a ICpart entitled
"Findings at Comptonl Hill Reservoir, Spring 1')1)", wd ;ubSLIu4CLiy prepareti.

The report, which is dated August 9), 1979 jiso desurib,?s tt~e structural

condition of the two basins as founo uoring a recent -nspectioti and a series

of excavations made to check the condition of the uniderside it the footing for

tnu exterior wall at the north side ol the reservoir. Ihis ruport is inciuced

herewith, reference Charts 4-7 througj 4-32. Accuring to the author, ;Ar.

Joseph J. Kaimerer, Jr., Assistant Division Engineer, Uesign ann Construction

Section, City of St. Louis Water DivI.sion, the inspection of' the basins was

made at about the same time as the bverurup & Parcel inspection, and the

excavations of the footings for the north wall were made as a result of a

recommendation contained in the Svernrup & Parcel report.

According to the report, in oroer to check leakage from the reservoir,

first the south basin was taken out of use wiile the north casin remained in

service, and then the north basin was taken out of use while tie south basin

remained in service. During tie period tne basins were out of service, or

isolated, readings of the basin levels were made. The report st-tes that

during the period the south basin wa{s isolated, a totji of 6 nays, tle level

within the basin dropped 2.79 feet which correspunds to an average loss rate

of 0.52b MGD. Tests were also maue djuring a period when the level of the

in-service (north) basin was below the isoiated (soutLK) basin, and also when

the level of the in-service (north) oasin was aoove the level of the isolated

(south) basin. After applying several factors to account for transmission of

f low between the two basins, it was concluded that the calculated iate of

leakage from tne south basin was about 0.475 MGD. water level rteadings taken

during the test period illustrating the rise and t all f the north basin and

the loss of water from the south basin are shown on Plate i3. A similar test

was performed at the north basin. Accurding to the report, the test period

for the north basin was 16 days, the level dropped 1.16 feet, ano the average

rate of loss was 0. 115 MGD. Adjusting this rate fur transmission from the

south basin, the calculated rate of ieakage from the north basin was about

0.093 MGD. water level readings taken ouring the test period illustrating the

rise and fall of the south basin and the loss of water from the north basin

are shown on Plate 14.



The report points out that the ieaKagv trul Lne soutL uasin is about

4-to-5 times as great as the leakage fr,,m Lhu riull b:,in. Mr. Kammeure

theorizes th at an undergrounu drain,c L 2%Lii I: [OWS LihU Iuc-kL'eje f roM tlIti

south basin to uissipate into roe saruuning pdik Esii (more Likely Lre, o

more, old filile-in sink holes) witiluL t LIO.if1 ; -O Lhe t ce ,rnLnkmii-It

slopes, whereas the north basin has 1, such su urface v:rainate system, and as

a result, water from the basin is sr .ciig on th~e nortih slope arrij causing

some erosion proiens, 1ne nauthK. r L4-I( .AJJSCS 'lt .5 L Jucion of tre new

highw1ay, I-aL4, is respno" ufiur :'u ini- 'Ji(:l nutui .i unutruiround drainage,

which has resulted ini some erosion oamsge to tnhu north -ope.

In the second section of the report, Mr. Kameru" ;presents the finoings of

inspections of the interior& of the north and south basins with respect to the
structural condition of these basins. Uuu- to time limitations, only a very

cursory inspection of the south basin was mauo, and, except for indicating

that no problems of major proportions were noteu, no details of structural

conditions are given. However, accoroing to the report, the north basin was

extensively inspected and surveyed.

The writer mentions that several floor slabs along the west side of the

reservoir were found to be uplifted up to 4 inches, anu cracked. These

uplifted slabs were removed, repairs were made to the aubpavement including

the wateiproofing membrane, ann new slabs were installed. The locations of

the new pavement slabs are shown on City Drawing 4532, reference Plate 15.

The report states that the division wall was founo to be in sound

structural condition, although watefr lakeo through the expansion joints and

at cracks in the wall. Leakage was also noticed at the sluice gates in the

two gate chambers, and at the sewer gate. The stem of the sewer gate was

found to be slightly bent.

The author states that the slopes of the basin were ir goou condition,

although in some places the pavement joint material was in bad shape and

repairs had to be made. The method of repair is decribed in the report. The

interior side of the perimeter wall was found to be in good structural

condition; however, the exterior side was found to be spalling badly. The
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roof appeared to be structurally sournd, with the exception or sose scattereo

spalling where the reinforcing bars 'ere exposec. Mr. Kamrmerr states that

the roof beams in general iOckt!U gouu. although a few beams neaL the top of

the slope where they couLd be rore closely examind , were crackeu.

The leport inOicutes that the mst obvious problem concerns the coiumns at

the edge of the roof, wich were const:ucteu abutting thie vertical, a li about

the basin. in order to allow for exparnsion an contraction at the roof

system, brass plates were cast in the top of the coluainf. and the unaerside of

the roof beams at these columns. The author theorizes that thu brass plates

bind during the contraction cycle of movement, and points out that the columns

furthest from the center of the structure hzve moved the most, with

displacement at much as 7 inches observed. Since a similar inspection of the

basin was made by Water Division personnel in 1970 at which time, according to

individuals participating in the inspection, no significant movement of these

columns was noticed, Mr. Kammerer is of the opinion that the condition has

worsened considerably since 1970. (Having given this premise more thought

since writing the report, Mr. Kammerer now beiieves that movement of these

columns was probably overlooked during the 1970 inspection.) The relationship

etween the 1-44 construction which took place about 1970, and the movement of

the columns is considered; however, no conclusions are drawn to inrlicatu the
highway construction to be a cuiitributirg factor. A recommendation is mdae

that correcting the problem with the columns, as endorsed by Sverurup & Parcel

in their report, be given thu highest priority. The report also points out

that most of the columns within the basin show signs of distress, some more so

thin others.

In conclusion, the author states toat lining of the basiin will halt the

leakage, but that it would be very costly to do so, and that it is best to do

the structural repair work at this time and the lining at some future time,

although lining of the basin would be beneficiail to the outside walls, since

it would stop the flow of water through tne wall which is contributing to

spalling of the surface on the outside of the wall. It is also recommended

that a more detailed inspection of the south basin be made at the earliest

opportunity, and especially the columns and roof system in order to see if
conditions similar to that found at the north basin exist.
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Elevations of column fotinn1s, i>r.Iav. of, mnvme t , cr'jn1.rl.

and roof beams, measurements ut qgaps h.-tweern , nd J:Olui'n'. ati' 'N s, '';u

between the slope pavtrne;,t and wall, ',-e shown on Watt r D'v(siari '.rain;s 432

and 4533, reference Plates 15 ind 1 ,.

In the third section of the report, Mr. vammurer prusents tou findinlls at

a series of excavations made to check the coai irion of the footing, subaraue,

etc., of the vertical wall at the nortli end of the reservoir. The rijcatons ef

these excavations are shown on Drawings 4532 Jnd 4533, Plates 5 ar,, 16, ;ina a

schedule indicating the size of each is pr'senteA on Drawing /;533.

To summarize this section of the report, several of the excavations, there

were 13 excavations in all, showed that the earth hao settledi up to 1.5 inches

beneath the footing, a vertical crack was found in the footing of one of the

excavations, a tension crack was found in one of the concrete piles supporting

the footing, and two noles, one of which was about 2 inches in diameter, were

Found in the steel sheet piling. Toe writer states that the holes in the

piling were sealed. During this time, the n'arth basir was being refilled and

it was necessary to pump water from the excavations. However, by directing

the pump discharge down the stairs t the northeast corner of the reservoir,

it was found that the north slr oie dried noticeably. Since it became apparent

that sealing, or even finding at] of the souices of leakage through the sheet

piling would be nearly impossible, these exploratory excavations were halted.

Mr. Kammerer reported that it was thern clecided to install the 4-inch diameter

pipe subdrain system that runs parallel and adjacent to the north wall in

order to intercept the leakage at this location. It is about this time that

Water Division Drawings 4536 and 4537, reference Plates 17 and 18, were

prepared showing the relationship of the north end of the reservoir, including

the 4-inch diameter subdrain, and the highway.

According to Mr. Kammerer, during the period of January through April of

1975, certain repairs were made to the perimeter beams and columns of the

north basin. These repairs consisted primarily of the installation of new

expansion plates at the locations of the original brass plate type expansion

plates at each of the columns adjacent to the outside wall of the reservoir

structure. Mr. Kammerer repnrted that after relieving the beam load on the
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column, the brass plate of the column was removed alonq with ahout 8 Inches of

concrete beneath the plate at the top of the column; a Teflon coated

stainless steel plate with stainless steel anchors was grouted in place at the

column; a similar Teflon coated bra';s i,te was glueo, using an epoxy type

adhesive, to the old brass plate of the heam; and last, the temporary

supports of the beam were removed and the beam was allowed to rest on the

column. Mr. Kammerer also reported that no repairs were made to the expansion

plates of the south basin .ince a recent inspection of' the roof support system

for this basin indicated the oriqinoL expansion plate were functionino

satisfactorily.

f. As a result of a slight slope failure of the north embankment slope

that apparently occurred sometime in 1j72, an investigation of the stauility

of the north slope was made during a Lw.:' year period beniinng in the sfrin,:

of 1975. Subseauently, a report titled 'Slope Stability Study of comptont Hill

Reservoir", dated June 28, 1977, reference Charts 4-33 throuqh 4-46, was

prepared. A drawing showing the north slope of the reservoir embankment,

piezometers installed within the north slope for the purpose of measurig

ground water levels, the 4-inch subdrain pipe installed in 1973 Oy the Water

Division, and the 1-44 highway retaining wall, includino the 18-inch diameter

subdrain at the wall, is snown on Water Division Drawinq 4545, reference Plate

19.

In the report, which was written by Stephen J. Runde, Civil Engineer II,

Design and Construction Section, City of St. Louis Water Division, procedures

for investigating the stability of the slope as well as the effectiveness of

the 4-inch subdrain are (escribed. The report states that seven piezomeLers

were installed in the north slope in April of 1975 for the purposet of

maintaining ground water levels. Hiased on readings of ground water levels,

the author is of the opinion that water is flowing in a rortheastwardly

d'irection, that the 4-inch subdrain system is performing w-ll, and that the

presence of excessive ground water within the slope is eliminated. Mr. Runde

states that since the soil is of hiQh strength and the 4-inch drain is

maintaining the slope dry, the slopc is very stable provided that the filter

material about the suhdrain pipes is effective in preventinq the

transportation of soil solids. Samples of the flow in the 4-inch and 18-inch
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pipes were obtained and tested. By inspection of the 3amples, it was

determined that no suspended solids were prent. Additionsl tests were made

to check the amount of dissolved solids; however, tlese tests only indicated

that the mineral content of the samples increased with the level of the

reservoir, that the minerals found were not consistent with~ those present in

the overlying soil, and even so, loss of these minerals did not affect the

strength of the soil. Piping of the soil was therefore ruled out as a likely

cause of slope failure.

In conclusion, Mr. Runde states that the slope is stable and that no

further investigations are necessary at this time. It is recommended that the

piezometers be monitored, flow measurements of the drains be made, samples of

the flow be taken in order to check for solids, and that all of these items be

done on a three to four month basis.

Records of flow and the results of total solid tests performed on samples

obtained from the two subdrains for the period beginning June 30, 1975 and

ending December 28, 1976 are shown on Charts 4-43 and 4-44. Records of

piezometer ground water levels for the period beginning May 15, 1975 and April

29, 1977 are shown on Charts 4-45 and 4-46. Additional flow measurements for

the period November 8, 1978 through June 29, 1979 and the period August 3,

1979 through February 6, 1981 are shown on Chart 4-47; additional piezometer

readings for the period July 3, 1979 through February 6, 1981 are presented on

Chart 4-48. R. E. Sauthoff, Civil Engineer, Horner & Shifrin, was present

during the February 6th readins of piezometer ground water levels and

subdrain flows. The flow periods shown on Chart 4-47 are the times in seconds

required to fill a 2.5 gallon bucket, which for the February 6, 1981 readings

for the 4-inch drain corresponds to about 8.1 gpm (11,660 gpd) and for the

18-inch drain, to approximately 26.5 gpm (38,160 gpd). Due to the fact that

the flow readings for the 18-inch drain were taken at a manhole located

downstream of the junction of the 4-inch drain, the values shown on Chart 4-47

and above for the 18-inch drain also include the flow in the 4-inch drain, and

therefore, the actual flow in the 18-inch drain is the difference between the

two readings, or in the above instance, 16.4 gpm (26,500 gpd).
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According to the Stanley T. Fletcher, Division Engineer, Design and

Construction Section, City of St. Louis water Division, two sets of iron rods

were set within the north embankment for the ipurpose of monitorin movement of

the slope. The locations of these rods wer checkud periodically by the Water

Division beginning on November 3, 1978 and enLing on 0ictoher 2, 1979, and

records, reference CharL 4-49, were maintaincI. Somine uveme.nt of the rods, up

to 7/8-inch, is indicated. Howver, Mr. Kammer,-r is 41 the opinioin that the

rods may have been disturbed by equipment JY;,I t.' I'U t (!:qrass ;s otners

obviously were and, therefore, the readin,; ar nomewhrt questinn able. The

rod locations are no longer measuriefi since oil hiawiv eit-her heen ii cturued or

are missing.

4.3 MAINTENANCE OF OPERATING FACILIiIFS

According to Carl R. Schumacher, Divi ion Ergineer, Supply & Purifying

Section, as reported by Joseph J. Kammerer, the gate operators for the

manually operated sluice gates in the east and west, gate chambers are

serviced, but, because it is felt that other items have a higher maintenance

priority, not on a regular bosis. Accnrding to Thomas A. Rothermich, Division

Engineer, Operating Section, the motorizeu sh:ice oate operators are remotely

test operateu once a munth, and the sluice g;ates are fully rlo,,ed once a

year. Mr. Rothermich reported that the level transmitted by the telemetering

equipment is checked daily by comparison with the 1, vol indicated by the staff

gage located in the west gate house of the reservoir. Mr. Rothermich also

indicated the high water alarm is checked once ,very 2 years, and that the

full range of level sensing is checked every 5 years. Mr. Kammerer reported

that the emergency gasoline operated generator located in the west gate house

is test started once a month to insure its operation.

4.4 DESCRIPTION OF ANY WARNING SYSFIM IN EFFECT

According to Stanley T. Fletcher, Division Engineer, Design & Construction

Section, the reservoir is routinely observed luring the day by Water Division

personnel as well as hy employees of the Parks Department durinq the grass

growing season, and by the City police patrolling the neighborhood area. Mr.

Fletcher indicated that in case of an emergency, such as the iminent failure
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of the reservoir embankment or wall, the remotely operated sljice qates

controlling inflow to the reservoir would he closeo and tile sluice gates at

the sewer chamber on the east side of the structure would he opened and the

basins would be drained ai. q,:ickly as possinle. As previously indicated, tile

level of the reservoir is continuously monitored by a telemetering system, and

a high level alarm device is provided.

4.5 EVALUATION

It is recommended that monitoring of the north slope of the reservoir

embankment continue as planned. It is also recommended that, as soon as

practical, repairs be made to the columns and beams supporting the north basin

roof system, and that a detailed inspection of the interior of the south basin

be made in the near future in order to determine its structural condition. In

order to accomplish this inspection, it will be necessary to drain the basin,

and, as stated in the Sverdrup & Parcel report, the hasin should be lowered at

a rate not to exceed 1-to-2 feet per day in order to avoid damage by

hydrostatic pressure to the floor of the basin.

The slope stability study of the north embankment of the reservoir,

performed in 1977 by Stephen J. Runde, is considered Lo be of limited value

since the stability of the slope is evaluated in terms of past performance,

i.e., Mr. Runde argues that since conditions relating to the slope, such as

the level of the ground water table, have improved or in the case of the two

subdrains, are as good as, or better than, that existing before toe highway

was constructed, the slope is stable. Although this reasoning has logic, it

does not consider the fact that the stability of the slope could be marginal

and that the factor of safety is borderline. As indicated in Section 2,

paragraph 2.1, an extensive investigation of the north side embankment was

made by the Missouri State Highway Department prior to the construction of

Interstate Highway 44. However, this investigation was primarily for the

purpose of determining the stability of the retaining wall to be constructed

along the south side of the highway adjacent to the reservoir, and did not

consider the possibility of failure of the reservoir embankment at levels

higher than the wall, such as at the level of the hottom of the piling that

supports the reservoir wall, or local failure of the slope itself, such as was

experienced in 1972.
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SECTION 5 - HYDRAULIC/HYDROLOGIC

5.1 EVALUATION OF FEATURES

a. Design Data. Design data pertaining to the hydraulics of the

reservoir were unavailable.

b. Experience Data. The level of water contained within the reservoir

is unaffected by precipitation and/or storm water runoff. As previously

indicated, the level of the reservoir is dependent upon user demand and

leakage. The reservoir is supplied with potable water by pumping from the

City's Chain of Rocks Treatment Plant. However, it can also be supplied,

through a number of bleeder valves at cross connections, by the Stacy Park

Reservoir. Reservoir inflow-outflow varies and no metering of flow at the

reservoir is made.

c. Visual Observations.

(1) The reservoir is divided into two identical basins by a

centrally located division wall. Each basin contains approximately 135.0

acre-feet (44.0 MG) of water at normal high water level, and 140.5 acre-feet

(45.75 MG) of water at the overflow level. The basins are normally operated

in parallel, but can be independently operated via a system of gates.

(2) Two openings, one for each basin, each approximately 1.4 feet

high by 6.0 feet long, located in the sewer well of the east gate chamber near

the top of the structure, is provided for basin overflow in the event of

surcharge in excess of the maximum high water level. The level of the

reservoir is continuously monitored and the surface elevation is transmitted

by a telemetering system to both the Chain of Rocks Plant and the Kingshighway

Avenue Office of the Water Division. Normal high water level is about 1.2

feet below the crest of the two overflow openings. An alarm is sounded at the

Chain of Rocks Plant and at the Kinqshighway Avenue Office in the event the

reservoir level exceeds the normal level by 1.0 foot.
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(3) A 20-inch diameter pipe sewer is provided to drain the sewer

well at the east gate chamber. A gate valve, normally open, is located on the

sewer at a point approximately 68.5 feet due east of the wall about the

perimeter of the reservoir. The drain line connects to the City's sewer

system at a manhole located at the intersection of Compton Hill Place and

Geyer Avenue.

d. Hydraulic Analysis. An investigation of the 20-inch diameter pipe

sewer that serves to drain the reservoir was made. The purpose of this

investigation was to determine the capacity of this outlet in order to make

some judgement of its adequacy with respect to the capacity of the two

v t-'ngs located within the sewer well of the east chamber.

Investigations of the hydraulics of the 20-inch sewer indicated the

capacity of the pipe to be approximately 30 cfs, since for flows greater than

about 30 cfs, it was found that the hydraulic gradient exceeded the level of

the top of the manhole located just downstream of the sewer valve. A profile

of the 20-inch diameter showing '-he relative locations and elevations of

pertinent features is presented on page B-2 of Appendix B. An investigation

of the hydraulics of the two 1.4-foot high by 6.0 foot wide openings provided

for overflow of the reservoir basins indicated, using a weir approach, that

the two openings could pass flow up to about 50 cfs before the top of the

opening was exceeded by the level within the reservoir. It was therefore

concluded that the governing feature for draining the facility is the 20-.inch

diameter sewer.

If it is assumed that inflow to the reservoir is not suspended at the

normal high elevation level (elevation 185.4), or at the high water alarm

level (elevation 186.4), and if it is also assumed that the inflow to the

reservoir is equal to approximately 50 percent of the pumping capacity of one

of the distribution pumps located at the Chain of Rocks Treatment Plant, (the

remaining 50 percent being dispersed by the distribution system), the net flow

entering the reservoir and overflowing the two openings at the sewer well

would then amount to approximately 31 cfs. Reservoir outflow of 31 cfs is

less than the capacity of the two overflow openings and approximately equal to

the capacity of the 20-inch pipe sewer. It was, therefore, concluded that the
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sewer provided to drain the reservoir as well as the basin overflow openings

are of adequate proportions in the event of failure to terminate reservoir

inflow, and no revisions to these features are considered necessary. In

addition, no hazardous or damaging consequences relating to releases through

the overflow openings at the sewer chamber were reported by the Owner's

representative.

As previously indicated, for sewer flow in excess of 30 cfs, the hydraulic

gradient will exceed the level of the top of the manhole located just

downstream of the sewer valve and some local flooding of the area at this

location may occur. Flooding of this area is not expected to be of serious

consequence due to the fact that the excess flow will be retained between curb

lines of the adjacent (Compton Hill Place, Geyer Avenue) downstream streets

and collected by the various curb inlets located along these streets.

However, it is recommended that drainage of the reservoir basins be controlled

in order to prevent surcharging the sewer outlet to the point that overflow of

the manhole occurs.

Calculations of sewer capacity, overflow capacity, and assumed reservoir

inflow, are presented on pages B-3 through B-6 of Appendix B.
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SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Visual Observations. Visual observations of conditions which

adversely affect the structural stability of the reservoir are discussed in

Section 3, paragraph 3.1c and in Section 4, paragraph 4.2.

b. Design and Construction Data. Readily available design data relating

to the structural stability of the reservoir is limited to the details shown

on the construction plans, to stability analyses of the reservoir walls and to

investigations of the north side of the reservoir by the Missouri State

Highway Department prior to construction of Interstate Highway 44. Records of

construction data relative to the structural stability of the reservoir, such

as tensile tests of reinforcing steel, concrete compression tests, and soil

compaction tests, were unavailable. Seepage and stability analyses of the

reservoir embankment comparable to the requirements of the "Recommended

Guidelines for Safety Inspection of Dams" were not available, which is

considered a deficiency. These seepage and stability analyses should be

performed for appropriate loading conditions (including earthquake loads) and

made a matter of record.

c. Operating Records. Records beginning in 1960 of the reservoir level

are on file at the Water Division's Chain of Rocks Treatment Plant. Records

of the reservoir level prior to 1960 have been discarded. Records of the

ground water level at the piezometers in the north slope of the reservoir

embankment, the flows in the 4-inch and 18-inch pipe subdrains at the north

slope, and measurements of iron rods set in the slope are available at the

Kingshighway Avenue office of the Water Division. This data is also included

herein, reference Charts 4-47 through 4-49.

d. Post Construction Changes. Two major post construction changes have

taken place since the reservoir was originally constructed in 1868-1870 that

are considered to have a bearing on the structural stability of the

reservoir. The first such change occurred in 1915-1916 when the reservoir was

raised approximately 10 feet by the addition of a wall about the perimeter of
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the structure. As indicated in Section 2, paragraph 2.1.d., the stability of

the reservoir wall was investigated. However, an investigation of the

stability of the earthen embankment about the reservoir was unavailable. The

second change occurred in about 1969 when Interstate Highway 44 was

constructed adjacent to the north side of the reservoir, and as a part of this

construction, which is in cut, a retaining wall was constructed near the north

embankment. As indicated above, an extensive investigation of the north side

of the reservoir was made by the Highway Department to insure the stability of

the highway retaining wall adjacent to the reservoir. Also, in 1933, a roof

was added to cover the north and south basins of the reservoir. Since the

structural condition of some elements of the roof system is somewhat suspect,

failure of the roof is a possibility. However, it does not appear likely that

such a failure would affect the overall structural stability of the reservoir.

e. Seismic Stability. The reservoir is located within a Zone II seismic

probability area. An earthquake of the magnitude that might occur in this

area would not be expected to cause structural damage to this facility

provided that static stability conditions are satisfactory and conventional

safety margins exist. However, it is recommended that the prescribed seismic

loading for this zone be applied in any stability analyses performed for the

reservoir embankment and wall.
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SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT

a. Safety. As noted during the inspection, the exterior surface of the

concrete wall about the reservoir is badly spalled in many areas. In some

locations, the steel reinforcing bars at the top of the wall (not the

principal steel) are exposed, and in other places, lime residue indicating the

seepage of water through the wall was evident at the locations of cracks in

the concrete. According to inspection reports by the Water Division, these

structural defects have been apparent for some time.

Although not actually observed during the visual inspection, records

provided by the Water Division, of previous inspections of the north basin of

the reservoir indicated that many of the columns supporting the roof system

are severely overstressed and deflected, in some instances adjacent to the

outside walls of the structure, to the extent that very little support is

provided the roof beams. Although it has been reported that repairs have been

made to the perimeter column and beam expansion plates and that the area of

bearing of the beam on the column has been increased somewhat, no judgement of

the condition or eff'ectiveness of these repairs can he made since an

inspection of the reservoir interior was not made. However, it is known, as

indicated above, that there are columns and beams within the north basin that

are in poor structural condition and in need of repair.

Seepage and stability analyses of the reservoir embankments were not

available for review, and therefore, no judgment could be made with respect to

the structural stability of the embankment of the reservoir.

b. Adequacy of Information. The engineering data available for

assessing the design and construction of the reservoir is considered adequate

for the purpose of this investigation. As indicated above, seepage and

stability analyses of the reservoir embankments comparable to the requirements

of "Recommended Guidelines for Safety Inspection of Dams" were not available,

which is considered a deficiency.
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c. Urgency. The remedial measures recommended in paraQraph 7.2 for the

items concerning the safety of the dam noted in paragraph 7.1a should he

accomplished within the near future.

d. Necessity for Phase IT. Raged on the results of the Phase I

inspection, a Phase II investigation is not recommended.

e. Seismic Stability. The reservoir is located within a Zone II seismic

probability area. An earthquake of the magnitude that might occur in this

area would not be expected to cause structural damage to this facility

provided that static stability conditions are satisfactory and conventional

safety margins exist. However, it is recommended that the prescribed seismic

loading for this zone be applied in any stability analyses performed for the

reservoir embankment.

7.2 REMEDIAL MEASURES

a. Recommendations. The following actions are recommended.

(1) Obtain the necessary soil data and perform seepane and stability

analyses of the reservoir embankments in order to determine the structural

stability of the facility for all operational conditions. These analyses

should include the surcharge imposed by the reservoir wall and the maximum

hydraulic level of the reservoir. Seepage and stability analyses should be

performed by a qualified professional engineer experienced in soils and

foundation engineering. It is also recommended that the City obtain for their

files a copy of the April 7, 1967, Missouri State Highway Department report of

their investigation of the stability of the north side of the reservoir.

(2) The Owner should prepare contingency or emergency plans which

provide for steps to be taken in the interests of public safety in the case of

imminent structural failure of the reservoir. Due to the fact that the

reservoir is located in a highly populated urban area, an emergency flood

warning system is considered desirable to mitigate potential for loss of life.

7-2



b. Operations and Maintenance (0 & M) Procedures. The following 0 & M

procedures are recommended.

(1) Repair as necessary the deteriorated areas of the outside walls

of the reservoir and provide some means, such as lining of the interior side,

of preventing leakage through these walls. Continued deterioration of the

concrete and/or reinforcing steel within the wall could ultimately result in

structural failure of the wall. The wall should be waterproofed prior to

restoration of the exterior surface since moisture seening through the wall

will only result in re-spalling of these repaired areas.

(2) Although not considered an item that miqht affect the safety of

the reservoir, the Owner is advised to repair, or replace as necessary, the

roof support beams and columns within the north basin of the reservoir. Loss

of roof support due to beam or column failure could result in collapse of a

portion, or all, of the basin roof.

(3) Since the inside of the north basin has not been inspected since

1975 when repairs to the column expansion plates were made, and since only a

very cursory inspection of the inside of the south basin was made in 1973, it

is recommended that a detailed inspection of the interiors of each basin be

made sometime in the near future, and that similar such inspections be

instituted on a periodic basis, such as every five years or so. It is also

recommended as is the policy of the Water Division, that records be kept of

all inspections made and remedial measures taken.
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SVERDRiU P KIt. PARCEL AND ASSOCIATEiiS. fit'

~ WEST . ST. INO I fit - A'7.11 SSITECTS:i

A V Api 25r C . ,iso

Water Commissioner
Department of Public Utilities

'I,'City Hjall
A"~ St.,Louis, Missouri 63102

.:,,Doar,,Mr. Briscoe:

- Transmitted herewith is a oemiorandum report
""of' our recent inspection of the Compton Hill fleso-

J , voir..

* Recommendations are made in the report for
continuing repair in prep-aration for the suwniner season.
p nd for further inspection. While we do not bel ieve
there is the possibility of an immnediate or catastrophic
failure occurring, there are certain items which reed

* to ba examined and taken care of. We willI be glad to
- discuss a continuing program with you at your con-

. veni~ence.

7'u ve ry truly,

R. u IVOSt

Executive Vice President

Enclosure

4,

'~4,



SV1: II I)I1IP Fe PARCIAI AND1 AS-SO'I ATVS, I'ic.

*~~ 0 (1)( N. 1I'- II)7.LV. It I)

CITY OF ST. LOUTS

~ 4 WATI- 1-VISION

~. A Report on Conditiono rind Recomnmendations
.1)4 encernllrz the COMInton HIl Reci-orV

An Insuection of the present condition of~ the North Basin
of the' Compton Hill Reser-voir' was made on April 19, 1973. Mr. Stanuley

~,, , ~ Fl etcer and others of the St. Louis City W4ater Depa~rtment met with
* ~ , Elmer Ott and James Otto of Sverdrup & Parcel and Associates, Inc,

to, discuss and atteampt to determine the proliems, the probable causces,
-and the possible solutions.

1 The basic rituation is that the North B~asin of the Compton
Hill R~servoir was drained while 111,hwa n:~ was ben0osrce

to 1he immediate north of the reservoir, and that when the basin waz
' refild an objectionable amounmt of leakage was noticed. The basin

was subsequently drained again for inspection and repair.

*The reservoir was originally constructed about 1870 with

7, ~ earthen walls, and was reconstructed about 1915 with reinforced con-

csruturwall d froloor T inou roofe ens st o acnrit spprts

peak deadso the suig mer sudesonland cord ngapl our ralnedoe
.. orr..teotlav n ato combinslabure At abate the roaj or e hae ime-

diratel alngthed futiliir wo to ic bee ar thetosummerhefoor

syste Th toaoiekaetasionlyf the ntiedoo alngmro the h ter walho
othruetionr of theof, ith isie romabned tha me amoubengo

leaagned fos thlonrsetuctionof the hgwall. 1

-sie ointhecto lekaefa the intriioar of the basin forn thecntr-

addtion to he probl.eso dra-down tas rebl in ry raid, andth

The Wate DeatetCeieho eilteai rtiet et t-3
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resulting exterior hydrostatic pressure -.jainst ihe Iloor furced much
or the joint filler material out of the joints, as well as cau. ing

-many of the flecr panels to lift or crack. Further, the duration of
the basin being empty allowed the soil bei,.eath the reservoir to dry
out to some extent. When the basin 'las subsequently refilled, the now

S,..,partially-filled joints allowed a greater leakae which in turn was
able to erode t '-ough the dried out soil. Frcm the rej',rtcd location

. " of where the greatest leakage was noticed, it i: m st likely that tho
', ,water is flowing out under the slab and wall footing and then over

'the top of the puddle clay core. Some of the joils in the floor slab
) which were originally three-quarters of an Inch w.de are nu, over

1-1/2 inches wide.

: . The structural problems noted are due mainly to the f zt
,,.. e .that the roof slab is approximately /00 feet by 500 feet with the only

-provision for expansion and contraction being provided along the per-

meter of the bas in. The, forces induced by the movements of the slab
.~hgve produced flexural stresses in the columns which have caused teo
*s ion cracks and compressive crush ing of the concrete along the outer

* ~ y.row of columns, and this has subsequently allowed corrosilon of the
. -reinforcing. The forces have also induced many instances of cracking

' and spalling of the beams immediately adjacent to the columns. Further,
, ." -the sliding type expansion joints between the perimeter columns and
. ,the roof slab beams -ue no loiger working effectively In minuy locations.
;',o The expansion plates are apparently binding and the columns in many

-locations have been pushed to the side zntil the bearirqY area is re-
- ..duced to as little as one inch, where originally -,ven inches had been

. . -intended. Further movements of the slab could result in beams being
..,.-.,.2 ~ pushed-off the columns, which may cause a local collapse of a small
''.., , ,.: portion of the roof cover. In addition to this, there are muW beams

with hair line cracks as well as many places in which some of the roof
t...slab concrete has spalled away, which in turn exposes the reinforcing

S .!.,. to corrosion. The area of concrete within the normal operating levels
"' "'.'V of 'the reservoir displays many exmnples of corrosive attack, due to

'-' the immersion and drying cycles. The walls of the basin appeared to
---be in good condition for a structure almost sixty years old, although

considerable spalling has occurred on the exterior of the reservoir.

The open cut for thc highway work may possibly have caused
"ome settlement along and under the north wall and slope, but this

i, has not yet been determined. There mav have been some rotation of
' the exterior wall along the" north Side, or even along the east and

.f we sides, but it would be extronely difficult to establish when
this occurred. With the subsequent histallation of the highway re-

taining wall and the backfilling thereof, the lack of any further
' .future settlement cannot be guaranteed, but it should be minimal. A
detailed study would be required to analyze what possible effect the

IA' open cut had on the reservoir.

"', In order to use the north basin of the reservoir for this

, .'"sumer s peak demand, our reconmnendation is for the immediate repair
. 0work to be concentrated on repairing the expansion joints in the floor

Iq 2' C h r -'; ' ! "'. .2 Chart 4-4

., ." . " " , & .. 5 ' "



'P

slab. This should be done principally in the areas of the sl],i
slabp. p, .the north side qf the ba,ip id along. the north ends of the

east wessides for a miimlfumf of cij~huy. feet1 arid. fo~r t.e fIrst
Sjj b a'2 of t' la portiohfo t blor 11nmcdittely adja enL ' o the

• o. :.."sbs. '_The existing joints should be raked clean to a de,)th
of three inches and a suitable sealant must be installed. The jo'nts
over three-quarters of an inch wide should be grouted, ,is -hould aiV
cracks in the floor slab. The joint betvween the vertical wall and
the sloping floor slab should be cleaned, including, removal of the

..... thin facing on the aall at that p'oint, and then fillel with grout.
Repair work on tle slop4, slabs on the e.s t aind west sides should be
started at the north end and continued as far to the south as tr,e

• permits. Any repair work to the roof slab or to the columns can be
- postponed until after the summer season.

." " While the slab expanr:ion joints are being repa.ired, the out-
' . side of the wall footing in the area of the greatest leakage along
. the north wall of the reservoir should be excavated and exposed enough

'" to allow visual inspection to see if the earth has fallen away from
S" the bottom of the footing. If it has, then chemical grout should be

pumped under the footing to fill the voids. Other areas along thenorth, as well as along the east and west sides should also be checked
and grouted as necessary. These repairs should appreciably reduce, if

.. " not eliminate, the excessive leakage from the basin. After refilling
. the basin, if leakage is still a problem, possibly a diver could be

* ... . used to locate the problem area with the use of dyes or other means.
. ."The ultpnq solut-joo .the leakageq problem would be the installation

of 'a ,9or similar mebrane, but this would be very expensive -m
_ wl. ProbPynot_ be required.

The postponement of any structural repairs until after the
summer involves the risk that there may be some partial failures of

. the roof slab along the perimeter of-the basin. These would not
S "cause the failure of the whole roof system or -of the walls of the

* .. basin, and the area could quickly be covered by a temporr closure.

The recommendation to take this acceptabl.e risk is based on a con-
"' sideration of the time alloted for repairs at this time, as well as

the possibility that -the load may redih tribute and not cau,e an
immediate failure even if the beamn does slide beyond the column.

There should be sufficient time available now to make the
*.outlined repairZ to the bas'in to allow' its use for this sumer. Fol-

: lowirg the summer demand, when the basin is drafned to allow further
repair work, it is recoTmended that .the water evel be reduced sowly,

*" ' ;' at, .te rate. of., one..to t;o feet.per day This should allow for the
exterior hydrostatic pressure to be dissipated to prevent the joint
material from being forced out and the possible uplifting of floor

" slabs, Those joints which weropot raked and filled b'efore should
' then be repairgd, concurrently with the repairs which must be made

for the structural "-ork.
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A co-prehensave engincering investigation of the north
basin is required to determine what structural repairs tire required
as well as the most feasible and economical means of accomplishing

. the repairs. The south basin of the reservoir should also be in--
1 n spected, utilizing a rubber raft while the basin is reasonably full.

.. Although no leaage Droblems have been noted, there is definite

probability of detectip, structural problems and potential failures

similar 'to those found in the North Basin. Any structural problems
' found should be repaired in a manner similar to that used in the

'' North Basin. These inspections Can proceed duing the period while
the immediate repairs are beii ,,ade to the north basin, and they
should be completed as soon as possible.

Following the inspection of the basins, the preparation of
-.. "Specifications and details for the structural rehabilitation of.the

' ~-roof and its supports should be undertaken. The major problem of ex-
pansion and contraction cannot be eliminated, but use of recently

. .'i.,' devel6ped materials will help insure a system which can cope with the
' situation. It is apparent that the structure has functioned satis-

. .- ' " factorily for the past forty years, and that with a few major improve-
ments and repairs, it will continue to do so. A priority for the
repairs can be established to allow the work to be accompliched as
time and available f'unds permit. The highest priority must be allo-

'0 cated to the replacement of expaLnsion bearing plates and the rehabil-
S' 'itation and stabilizing of the columns supporting the perimeter beauns.

This work must be accomplished at the earliest opportunity. Lower
priorities would be set for patching and repairing deteriorated beams,

-slabs, and columns, based on the individual severity of Lhe p-roblem
and on its effect to the integrity of the structure.:,1

of" The Compton 11lls Reservoir is one of the major components
of the City Water Department. The utili zation of both basins is
essential during the summer time to meet the demands of the City of
St. Louis, The repairs - -d recommended work outlined in this report "
should assure that this structure will continue to serve the commuity
as it has for the past century.

C t

:- . ,

I, . . * .
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QI CITY OF ST. LOUIS

DEPARTMENT OF PUBLIC UTILITIES

WATER DIVISION

CONWAY B. FRIS"C&-COMMMSIONEUI OI,5 r GINI2ERS

1640 So. KINC ..IAIcA CARL R. SChU'.AA.CHER
ST. LOUIS. MISSOURI-63110 s6 , L1 1 ,-, F1,'IG

WALTER T. %IALLOY GEORGE H. FLETCHER

Director of Public Utilities cs r¢; a ION

MARVIN E. HUDWALKER
Vr'SIGN & C :,..T NJCTION

711 4f6 i

HAROD B. vELGE
August 9, 1973 .I .. IN

Mr. S. T. Fletcher
Division Engineer
Design & Construction
City of St. Louis Water Division

Dear Mr. Fletcher:

The accompanying report, entitled "Findings at Compton Hill Reservoir -

Spring 1973", is submitted to you as a status report on the project you
assigned to me as Work Order #P18158, "Line North Half of Compton Hill
Reservoir".

This project began as a search to find a suitable liner for the North
T, Basin of Compton Hill Reservoir. An attempt was made to determdne the arountof leakage from the reservoir so as to provide a basis to judge the effect-
*iveness of a new liner. The results of those tests arc included in this

report.

While investigating the conditions in the North Basin for lining purposes,
some areas were found that we felt needed repair. This report contains the
method of repairs made in those places. An effort was made to describe other
conditions found that need repairs badly, the probable causes of such conditions,
cov.ments about them, and the general condition of the reservoir.

A

Respectfully yours,

Joseph J. Kammerer, Jr.
Civil Engineer II
Design & Construction

JJK/RG/pc
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SECTIOC,: I

L LEAKAGE TESTS

LAn attempt was mnade to try to determine the amount of water that is

leaking from Compton Hill Reservoir. Since the whole reservoir could not

be taken out of service at one tim e, each basin was isolated at different

times, in order to leave the opposite basin in service. The south basin

was isolated first. This was accomplished by -losing both sluice gates

leading to each of the two gate chambers, (four sluice gates in all). The

south basin was allowed to sit idle while the north basin continued to

function as normal, which in effect cut the reserve supply of water in half.

The elevation of the west hatch frame was determined by survey, to set

a reference point. Readings were taken to the hundredth of a foot with a

level rod by lowering the rod until the surface of the water was touched and

reading the rod at the hatch frame level. Realings were recorded twice

daily, usually at 9:30 A.M. and 3!30 P.1.

The south basin was checked by this procedure from February 5, 1973 to

February 13, 1973; a total of 8 days. During that time, the level in trie

south basin dropped from 185.33 to 182.54, a total of 2.79 feet. This

calculates out to a total of approximately 4.34 million gallons. That

averages out to about 526,000 gallons per day.

However, this figure may be slightly misleading. Looking at the

accompanying charts that graph the leakage results and comparing the plot

of the elevation of the south basin (isolated) to the plot of the elevation

- of the north basin (in service) one can see visually that, on the average,

the "in service" basin elevation is lower than the "isolated" basin elevation

for a greater length of time. This would make no difference if we had a

perfect water tight seal between the basins, but we don't.

Page 1 Chart 4-9



L
There was leakage around the sewer gates that was measured in the field

to be about 5,000 gallons per day. There are also cracks in the division

wall and spaces around the sluice gates that allow water to get from one

t basin to the other. This happens only when there is a difference in elevation

between the two. The head differential will force water through any openings

from the high water level to the lower level. This amount will vary with

different head differentials and the length of time.

An attempt was made to try to determine w.hat effect these head differ-

L ences had. The amount of vater leaking through is directly prooortional to

the velocity of the water going through any openings. The velocity is

- directly proportional to the square root of the head difference, e.g., if

the head is doubled, the flow will increase by a factor of

Two 18 hour periods were chosen for calculation purposes. These were

3:30 P.M. of February 10 through 9:30 A.T. of February 11, during which

period the "in service" basin was at all times below the "isolated" basin,

and 3:30 P.M. of February 11, through 9:30 A.i-. of February 12, du-rirng

which period the "in service" basin was at all times above the "isolated"

-4 basin. For the first period the basin lost h69,0O0 gallons in 18 hours or

0.625 MGD. During the second period, the basin lost 202,000 gallons in 18

hours or 0.269 MOD.

Let: A - Actual leak from basin

LA leakage between basins when "in service" basin is above
"isolated" basin.

LB leakage between basins when "in service" basin is below
"isolated" basin.

Since the time periods are equal, there is no need to adjust any

figures for time. The leakage at the sewer gates uill be 2 x 5,000 gallons

or 3750. This can be assumed to be 4,O00 gallons for convenience.

Page 2
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L
During the first period when the "in servire" bn.n.in is m,.er than the

L"isolated" basin, the leakage betw.:een basins will flov. to the "in service"

basin, thus increasing the -:easured nmnoiift -,f" leak. An eq;uation can be

Swritten to represent this condition as:

(1) A + LB - (L69,o09- h,O00) = 65,000 gallons

During the second period, the leakage between Iansins will flow to the

L "isolated" basin, thus decreasing tti, measured leak. !n equtton to represent

this condition can be written as:

(2) A - LA (202,000 - h,000) = 193,CCO zalions

n This leaves us two equations in three unkno:ns. HDwever, LA and 1 a can

- be related to each other by using the fact that the ar.ount of leakage is

directly proportional to the square root of the difference in le~d. The

average head durin., the first reriod was found to bE I.15 feet, while

during the second period it was found to be 2.40 feet. This rieans that:

__ 1.5492

B B

therefore: L = !.hh6 L
A B

By substituting this into our original equations -.,e iet:

(I) A + LB = L65,O00

(2) A - l.bh46 L = 198,000B

Subtracting (2) from (1) yields:

2.h46 L B a 267,000

and L. = 109,200 iallons

therefore: A = L65,OOO - LB . h65,000 - 109,200 gallons - 355,800 gallons

This shows that our actual leakage from the basin during the l hours is

probably closer to 356,000 gallons than to either of th- other fi ,,urcs. This

figures out to be a! out 0.75 XGD.

d

Page 3
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The same situation holds true for the north basin results. Our drop

over 16 days was 1.18 feet, which calculates ,,ut to a total loss of L.R3h

mIllion gallons or 0.115 MGDi From this we can draw the conclusion that

our leakage from the north basin is somewhat less than from the south basin.

This can be seen also by noting the plot of the two basins for the two periods,

3!30 P.M. February 24 to 9:30 A.M. February 26, and 3:30 P.M. March 3 to

9:30 A.M. Yarch 5. These two periods are on weekends from Saturday after-

noon to 'Monday morning. During both periods the "in service' basin on the

south was at all times higher than the "isolated" basin on the north. This

was due to a combination of factors including the cheaper weekend numDing

rates which allow-s us to pump Compton Hill full on weekends, and the vory

low demand during those two particularly cold weekends. As explained previ-

ously, when the "in service" basin is higher than the "isolted" basin, it

tends to feed the "isolated" basin, thus decreasing the measured loss of

water. In these two instances,the level of the "isolated" basin actually

showed a rise. This can only be explained by rdlizing that in thi2 case,

the leakage from the south basin into the ncrth basin must have been greater

than the leakage from the north basin into the surrounding soil.

Tw time periods were picked for calculation purposes. From 3:30 P.M.

of March 3 to 9:30 A.X. of March 5, the "in service" basin ".as at all times

above the "isolated" basin and was therefore feeding it. The level in the

isolated basin rose 0.18 feet in 42 hours for a gain of 280,000 gallons.

From 10:15 A.M. to 3:30 P.M. of February 21, the "in service" basin was at

all times below the "isolated" basin and was therefore taking water from it.

In 5.25 hours, the "isolated" basin dropped 0.06 feet, a loss of 93,000

gallons.

Page C4
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L
The two time periods are not equal so figures had to be adjusted to take

L that into account. If the basin lost 93,000 gallons in 5-1/4 hours, it would

lose 7hh,000 gallons in L2 hours. During the period of loss, the average

head was found to be 3.L6 feet. Th,' average head for the period of gain -ras

2.16 feet.

Let:

A Actual leakage from basin

L Leakage between basins when "in service" basin is above
A "isolated" basin.

L * Leakage between basins when "in service" basin is below.,
B "isolated" basin.

Allowing 9,000 gallons leakage from the sewer gate for a )42 hour period,

the two equations can be written as:

(1) A + LB - (744,020 - 9,000) 735,000 gallons

(2) A - LA = (-280,000 - 9,000) - -289,000 gallons

L can be related to LA by the equation:BA

- LB 1.86011
-- -6 - 1i.2656

LA  "j2.16

therefore: LB = 1.2656 LA

Substituting into the original equations give:

(1) A + 1.2656 L, - 735,000 gallons

(2) A - LA = -289,000 gallons

By subtracting (2) from (1), the equations yields:

2.2656 LA 1,024,000

LA h452,000

therefore: A - 452,000 - 289,000 - 163,000 gallons

The 163,000 gallons loss is spread over h2 hours so it averages out to

0.093 MGD. Just as the calculations for the south basin showed, the calcu-

lated actual leak of the north basin, 0.093 MIGD, is slightly less than the

.8
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I
average measured leak, 0.115 1OD. This is because the "in service" h nsin

L is below the "isolated" basin for slightly loujer periods of tire, during

which periods the magnitude of the average head differential is treater also.

In surmary, it is concluded that the south basin is leaking about 0.h75

MGD and the north basin is leaking about 0.093 NOD. The total leakage into

the surrounding soil is 0.568 MGD. If leakage from the sewer gates is included,

this becomes 0.578 MGD.

The condition found in the field is quite different than anyone imagined.

It was expected that the north basin iould leak much worse than the south

basin, but quite the opposite is true. The south appears to leak about h tc

5 times as much as the north.

Apparently, the water leaking out of the south basin has a natural

underground drainage system that allows the water to dissipate in the sur-

rounding park soil without causing any da-:age. The water leaking out of

the north b~sin seemingly has no such systen, because it is surfacing on the

the north slope and causing so-re erosion nroblers.

Both basins have been suspected of leaking for quite some tire. The

amount of leakage out of the north basin is quite a bit less than anticipated

though. I would conclude therefore that it cannot be any worse than it had

ever been for the last ten to twenty years because it is a suprisingly min-

imal amount now. In view of the fact that the south basin is leaking 5 tines

as much as the north basin and is causing no damage to any surrounding slopes,

and since there is no apparent recent increase in the magnitude of the leak

from the north basin, it seems obvious to me that the new highway, I-h, has

caused out erosion problem by disturbing the natural underground drainage

system that we must have alurayshad, and reducing greatly the drainage area

near the north slope.

a
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SECTION II

L STRUCTU kL CONDITIOI'!S FOUND AVD REPAIRS 1,ADE

f Nothing much can be reported about the south basin. It. was drained

for only a few hours, which gave time for only a very cursory inspection at

best. The flashlights used were standard Water Division issue, which were

not strong enough or bright enough to see to the top of the slope at the

walls.

There was not time enough to climb any slopes, just time enough for a

quick walk through the basin. It was made clear before the draining that

no repairs of any kind would be made to the south basin unless some severe-

ly drastic situation was found that needed emergency attention. Therefore,

the south basin was inspected with the purpose of looking only for some

kind of major disaster. None was found.

The north basin, on the other hand, was inspected quite extensively.

Quite a few measurements were taken so as to provide a comparison for

future measurements.

The floor and slopes of the reservoir and the roof were cross-sectioned

by survey. In this way, we can check if any settling is going on. The

floor of the reservoir can be checked only when the reservoir is drained.

However, if the area of any possible settlement includes a column, the

column must sink along with the floor. The roof will then sink with the

column and this settlement can be located and determined by survey of the

roof. The advantage of the roof survey is that it can be done anytime,

_

without the need to drain the reservoir.

In two places along the west side of the reservoir at the foot of the

side slope, we found uplift failure of the floor slabs. Slabs were pushed

up along joints to a maximum difference of 4 inches between adjacent slabs.

Page 7
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I
Most of these slabs were also cracked. They appeared to be quite fresh when

L first seen because the sides of the upliftcd slabs and the cracks were clean.

Over the rest of the reservoir's interior -urface was a thin layer of calcium

carbonate precinitate which covered absolutely everything. The absolute

cleaness of the slab sides and cracks showed they were very fresh.

The uplift had to be caused by external hydrostatic pressure. The

reservoir floor is normally under 20-32 feet of water. Leakage from the

reservoir apparently builds up to equalize the pressure of the head of

water. When the reservoir was drained quickly, the ground water could not

dissipate quickly enough outside, or back into the reservoir. With no

- water inside the reservoir to nautralize the external hydrostatic pressure,

some floor slabs were pushed up and cracked in the process. Apparently this

was! enough to act as a pressure release mechanism because only two such

pla es were found.

The same draining procedure was used this tive as was used in the fall

of 1970. The sower gate was opened all the way and the water was allowed to

drain out as fast as the 20 inch sewer could carry it away. This takes 36-L8
A

hours.

An interesting question can be asked at this point. If the reservoir

is not leaking any more ncw than in 1970, (which is a conclusion drawn pre-

viously in the leakage discussion), and if it was drained in the same manner,

yery quickly, then why did we not encounter uplift problems three years ago?

I believe the answer to be that the new highway, I-hh, has disturbed

the underground drainage and does not allow the leakage water to drain away

as it once did. This in effect, dams up the water which collects in the

soil surrounding the reservoir and builds up hydrostatic pressure equal to

the head of water in the reservoir. When the reservoir is drained quickly,

the hydrostatic pressure cannot dissipate quick enough and the resulting

difference in pressure causes uplift.
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It was recommended by Sverdrup and Parcel in their report. ,n roton

(Hill that the reservoir should be drained at the rate of I t- 2 feet per day.

After filling the north basin for the purposp of chlorination, v-e drained
I

the basin at a slower rate. Since the basin level fluctuates cnnonly

between elevations 175 and 186 daily, it was felt that we needed to drain

slowly only below that level. It was drained quickly down to about 175 and

then slowed. Wle felt we could do the remaining 2 feet at a rafte of h feet

per day. This was done.

We were allowed a few hours to inspect it between that draining and the

filling of it to put it back in service. W'e found one place near the center

- of the north wall at the foot of the slope where uplift occurred again. Ap-

parently 4 feet per day is also too fast and next time, it should be drained

at the recommended 1 to 2 feet per lay.

The uplift found after chlorination was not reraired in any way because

the basin was urgently needed to be put back into service for the summer.

- The other two nlaces found after the first draining were repaired.

At both locations, shovn on Drawring #6532, the 3 inch upper slab was

broken out and hauled away. The water proofing mombrane t:as scraped off

the lower slab and thrown away also. In one spot the lower slab was also

cracked and a 3 foot by 1 foot section was rermoved.

The base beneath the lower slab of concrete is unacadam. It was found

to be moist but see7red very solid and stable still. The small hole in the

lower slab was then filled with concrete.

We put down a new waterproofing membrane to replace the other that was

removed. Materials used were polyethalene sheeting, asphalt impregnated

cotton fabric, and a tar based sealant. The sealant was sprend over the

cotton fabric with trowels. Four layers each of the cotton fabric and seal-

* ant were put down to form the membrane. A single sheet of polyethalene
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sheeting was put down on top of that to insire that. .w fr:5i'h c-,i:rr+c p uirp

C above would not mix wIth the sealant in any wj.

New concrete slabs i:ere poured over this membrane and new expansion

joints formed. This was done by using bonr-s of the desired width as forms

for the slab. Fefore the concrete vas cc:rpletely set, the boards were pulled

out leaving openings between slabs. After the concrete was set, ethafoam

rods were forced into these joints as a filler material. A waterproof expan-

sion joint material that bonds to concrete was applied with a caulking gun

to complete the slab repair.

The division wall apoears -o be in sound structural condition. There

was water leaking through several expansion joints and cracks in the wall,

,4hile they did allow water to pass through, the cracks do not apoear to

effect its structural capabiliti's. %'hen the weather got warmer and the

water in the other basin got warmer, the wall, through thermal expansion,

began to squeeze the cracks and expansion joints tighter and the flov of

water leaking through slowed noticeably.

The sluice gates in the two gate cha-ibers leak a little bit, also, but

they do as good a job as can be expected, considering their age and infre-

quency of use. The sewer gate leaks pretty badly when the basin is filled

and has to be caulked before the filling to hold this leakage to a minimum.

The stem is sliphtly bent from the effort of trying to get it to close

tightly.

All together, between the cracks in the wall, the expansion Joints, and

the sluice gates; there is quite a bit of water constantly flowing into the

basin. The only openings, when drained, are two manhoIes; the sewer gate;

and an overflow drain. As a consequence there is very little air circulation

in the basin and it is always 100% humidity in there. Moisture is constant-

ly collecting on the ceiling and then falling down in droplet form. The

Page 10
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basin would be very difficult to dry out unless additional holes were cut

Linto the roof to allow forced air circulation with large fans.
The slopes were all in good shape. In some places, though, the joint

material did not appear to be in good shape. In others, it looked like the

pitch material forming the waterproofing membrane had been squeezed out

through the joints. It gave an appearance of having flowed out of the joints,

The first expansion joint south of the northeast corner running up and

down the east slope had shown separation. The asphalt expansion joint

material was still in the joint but the slabs had pulled apart about 3/h

inch. This was the only joint found that showed separation. The old joint

material was cleaned out and the gap was stuffed with ethafoam rods. The

same sealant was used here as was used in the floor slab replacement.

The north slope was gone over very carefully, along with the first 120

feet of the east slope south of the r.ortheast corner. All joints that did

not look good were marked. These joints were chipped out with chipping

hammers to mal<e a clean surface for ne, joints. Asphalt expansion joints

Awere placed between slabs and the rest of the chipped out spaces were

filled in with Embeco grout.

In some places, there were openings between the slopes and the vertical

wall at the point where the two meet. As a general rule, these gaps were

bigger near the northeast corner and only hairline everywhere else. These

gaps usually occurred only on slope slabs that had columns sitting on them.

Adjacent slope slabs that did not have columns sittinr on them exhibited

only a hairline crack at worst and usually nothing at all. It appeared that

* the slope slabs were moving away from the vertical wall and not vice-versa.

The entire north wall and north 120 feet of the east wall were checked.

Where the gap appeared worse than just hairline it was chipped out and

filled with ethafoam rods. The same sealant used around the floor slab
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repairs was used in this gap as well.

LThe vertical wall is still in good shap structurally. It needs no work

done on it on the inside.

It is spalling badly on the outside though. The spalling occurs because

the concrete wall absorbs moisture from the basin. The walls are constant-

ly saturated, and the freezing-thawing cycle causes the spalling. The walls

were worked on by applying a coating of gunnite in 1960. However, it is not

the gunnite that is spalling off now. Thin layers of the original concrete

beneath the gunnite are spalling off and the gunnite, still holding tight,

falls with it.

The roof appears to be sound and should be alright as long as its not

overloaded. It should not be loaded more than 30 PSF.

The outside surface of the north basin roof had been tonred with about

1-1/2 inches of mortar in the late 1940's. It is in very good condition

with very little spalling in evidence.

The inside surface shows some scattered spalling. In these places

there are reinforcing bars exposed. The roof beams in general looked good

but they could not be inspected too closely. We did not have the opportunity

or time to get a ladder in for such close inspection. As a result, we

looked at most of them using a flashlight from the floor 35 feet below. The

ones near the top of the slope at the edges of the roof allowed us a closer

look. There were a few of these that showed cracks but that could be attrib-

uted directly to other causes. The others that we could see were in good

shape.

* The most obvious thing wrong in the basin were the columns around the

edge of the roof. Since these columns are built at the top of the slope,

they are much shorter than any other columns. They are 7-1/2 feet high at

the wall and (ither 9-l/ feet high or 12 feet high at the end furthest
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down the slope, (9-1/4 feet on the east and west sides and 12 feet on the

L north side). Because the columns were poured abutting to thu v±j.inl :.V'

allowances had to be made for expansion and contractiou of the roof. Other

columns are tied in structurally with the roof and these columns are free

to move with the roof at the top. However, the columns at the edge are re-

stricted by the vertical wall, t.hus expau-sioun and eoi.'rct-ion had to be

Ltaken into account.
L A 12 inch wide brass plate was cast into the top of each column. A 9

inch vide brass plate was cast into the bottom of the roof beams where they

rested on the columns. The two brass plates in uontact are supposed to

slide upon one another and allow enough small movement to take care of the

thermal expansion of the roof.

As seen in Figure 1, the roof expands and contracts in all directions

from the center, (although it is not shown, it expands and contracts in

thickness, also). The coefficient of thermal expansion of concrete is

6 x io-6 per degree F. Therefore, at 950 F in the summer, our 500 foot long

roof is 3.6 inches longer than it is at -50 F in the winter. At a column

near the extreme edge of the roof, such as Column D in Figure 2, the roof

and its beams under these conditions would move 1.8 inches on the supporting

column between its largest and smallest size.

Figure I shows the directions of the horizontal forces that the roof

exerts on the columns during expansion and contraction. Figure 2 shows these

forces broken down into free body diagrams for three various positions. At

position A, the line of force is at 5° to the wall; at B, 600; and at C, it

* is perpendicular to the wall. At ., the component of the force perpendicular

to the wall is equal to the component of the force parallel to the wall. As

the force approaches perpendicular, as in B, the perpendicular component of

tl.e force increases and the parallel component decreases. When the force is

perpendicular, as in C, there is no parallel nomponent and there is no force

un the column to either side.
Chart 4-21
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The total displacement or movement by the slab is greatest at the

corners. That is because the diagonal distance to the corner is greater

than any other. Such movements are not on a seasonal basis from sumT~er to

winter. They occur daily. As the temperature rises or drops even a few

degrees, the roof slab is exparding or contracting.

In our particular case the brass plates are supposed to allow the expan-

sion and contraction movement to take places The columns are supposed to

resist movement by being connected to concrete pads that run up the entire

length of the slope. These pads resist the moment caused by the application

- of forces at the top of the column by the roof. If everything is working

right, this amount of resistance is greater than the friction forces between

the two brass plates and the brass plates then slide upon each other.

The conditions found in Compton Hill indicate that our brass plates are

no longer working as well as planned. Columns around the edges are leaning

A, over to various dbgre As explained previously, the columns at the extreme

edge receive the most lateral force. The columns near the center, the ones

closest to the perpendicular, receive very little lateral force. As can then

be expected, the columns nearest the corners lean the most. In some cases

the column appears to be as much as 7 inches out of plumb. Near the center

of the walls, the columns still appear to be very close to plumb. The

further from the center of the wall the column is, the further out of plumb

it is.

The columns do not lean out of plumb on a haphazard pattern. They all

lean toward the center of the wall. This tells us that the brass plates slide

alright while the roof is expanding but bind up during the contraction cycle

and the contraction forces pull all the columns toward the center.

In all probability this has been going on constantly since the roof was

put on. However, the condition seems to be worsening rapidly. When the
a
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reservoir was drainei in the fall of 1970, it was inspected then. All

inspection work was chn, by Water Division personnel. I talked to two workers

and one supervisor who had been there in the fall of 1970. Both workers

saw the present conditions and the surervisor was shown sli,'-as of our present

conditions. All three had climbed the slopes to inspect both corners, where

the columns at present are furthest out of plumb. All three men told me

that they noticed no columns out of plumb at that time :nd all three tell me

that they would have noticed the columns leaning if the columns t-ould have

been as far out of plumb then as they are now.

The fact that none of the three men noticed the columns out of plumb

leads me to believe that most of this movement has taken place in the last

h two and a half years6 The columns may have been just beginning to go out of

line then and no one w.ould have noticed that. However, once something like

this starts, it gets progressively worse. The more the column leans, the

more the brass plates tend to bind up, and the column will be zroved an even

greater -mount on cach successive cycle.

A At this point T begnn to wonder if there was any relationship between

our problem and the construction of I-Uh. It seemed strange that all this

movement would occur since our draining the reservoir 2-1/2 years ago for

the highway construction. .A.s yet, I have found no correlation between the

two facts. Since all the damage can be directly attributed to exoansion and

contraction of the roof, it appears to be just a coincidence that they occurred

toiether.

There may be some structural trouble if this is allowed to continue as

is. Some of these columns are not far aay from leaning so far as to jive no

support to ends of some roof beams. If this happens, ther,- mly b,; some local

failure of the roof slab in that location. This situation has been point-e

out before in the report on Compton Fill by Sverlrup and Parcel.
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The soils experts at Sverdrup and Parcel tell us that any settlement

along the north slope due to the highway construction should be finished and

any more settlement will be very minimal. ',ith that fact taken into consider-

ation, I agree with the Sverdrup and Parcel rerport that correcting our problem

with the columns should have high-st priority. These columns must be plumbed

and repaired. To avoid the brass plates binding again, some substance should

be found that can act as a greaseless lubricant between the plates, for

example, a substance like Teflon.

Other columns in the basin also show the effects of expansion and con-

traction. All colurns, except for a very fe; near the center, shcw tension

cracks. These are caused by the expansicon cycle. Every column, except the

previously discussed perimeter columns, aVe tie-] in structurally with the

roof slab. Since the two basins are covered by two individual roof slabs,

the center around which the expansion and contraction take place lies direct-

ly over the center of the basin.

As the roof slab expands, the top of each column is pushed in an out-

ward direction away from the center, just as the arrows in the expansion

diagram of Figure 1 point. The bottom of each column is held firm and does

not move. Tis has an effect of bending the columns away from the center.

Because of the effects of thermal expancion, the greater the distance

from the center the column is, the further the top of the column is pushed.

Near the center, the columns are bent very little and no tension cracks

show on any oolumns. However, only a short distance from the center, the

columns are bent enough to cause tension cracks in their sides. Concrete

is very weak in tension and logically tension cracks would be much more

prevalent than compression failures.

All tension cracks appear on the inside edge of the column, that is, on

the edge nearest to the center of the basin. At the columns furthest from
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the center, near 1-ie NE and 1N corners, some localized compression failures

have been found, also. The columns have not failed; just some small areas of

Lthe column show a flakey, rose petal type configuration typical of crushed
concrete. This crushing is found only near the corners on the short columns

half way up the slope, and are on the side of the column away from the

center of the basin. The longer columns at the floor level can take the

same amount of movement without crushing because of their much greater

length.

Most of these tension cracks appear to be only surface cracks that harm

nothing. However, mLny are deep enough, 1-1/2 inches or more, that the re-

inforcing bars are rusting out. Reinforcing bars are also rusting out of

b some of the struts connecting the columns. The rusting is not very exten-

sive and is not critical at present.

At this time, the structural repair has been given priority o-.er lining

the structure. This is the only way to do it because there is no lining

product on the market that will hold the reservoir to-ether if a failure

should occur. It is best to do the structural repairs now and line it later.

Before lining takes place, the reservoir should be grouted to fill rossible

voids beneath the structure and guard against any possible settlement problems.

Lining the reservoir will undoubtedly stop any leaKage problem we have.

It is, however, very costly. There is one beneficial side effect worth

mentioning that would result from the lininf job that would save us money in

another area involving maintenance. That is the problem of spalling on the

outside walls. As explained before, the spalling is the result of water in

the outside layers of the saturated concrete walls freezing and popping the

concrete off. This will continue ,o happen as lon7 as the walls are in their

saturated state.

P
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If the reservoir were lined, the walls would eventually dry out and

only normal weathering would take place, as in any ordinary concrete struc-

ture. The wall would have to be restored one more tire, after a period of

time to allow the wall to dry out.

The walls of Compton Hill are not in good shape now, and will need

restoration in the near future. The last restoration job was completed in

October of 1960 at a cost of $123,673.95, only 13 years ago. The walls

would have to be restored one more time after lining, but after that, the

spalling would cease.

One thing should be pointed out and that is that present plans are to

line the north basin. This would stop spalling on the outside of the turth

basin only and would not affect the spalling on the south basin. To stop

the spalling everywhere, both basins would have to be lined.

When the opportunity occurs, the south basin should be examined more

closely. The same expansion and contraction that has caused us structural

problems in the north half, has been occurring in the roof slab over the

south basin also. It's possible that the brass plates have not been binding

and have not pullpd any colurns over, but its just as possible that they

have. On our cursory inspection of the south basin this spring we did not

have the time or equipment to check this, even had we known enough to look

for it. I cannot say at this time what condition the perimeter columns of

the south basin are in. Therefore, they should also be checked as soon as

possible.
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SECTION III

FOOTING EXCAVATIONS

A series of excavations were made to check the conditiorn of the footing

beneath the vertical wall. Their sizes and locations are shown on Drawings

#4532 and #533.

The first four holes were dug while the north basin was still drained.

They were located along the north wall at distances from the northeast

corner of 40 feet, 130 feet, 240 feet, and 350 feet. %Ye found a space be-

tween the footing and the soil beneath it. Apparently, the dirt has settled

away from the footing. The space was 1-1/2 inches in #1 and lessened grad-

ually in the four holes to about 1/2 inch in #.

Excavation #1 and #2 were tunneled back to the steel sheetpiling, which

is about 4 feet back from the edge of the footing. The steel sheetpile was

cast into the footing at a location of approximately I to 1-1/2 feet outside

of the exterior surface of the vertical wall. Only the top 2-3 feet of thehI
steel sheetpile was exposed. It seemed in good shape. The footing in exca-

A vation #1 had a vertical crack in it and one concrete pile had a tension

crack in it. Both were small.

Because of the cracks found in excavation #1, we dug two more holes.

Both were 10 feet from the northeast corner on the north and east walls.

They were also tunneled back to the steel sheetpile. No cracks were found

in any concrete piles or the footing, but a small hole was found in the

steel sheetpile in excavation #5.

U All these excavations were left open until the basin was filled. The

* filling took place over a weekend and when we returned that Monday morning,

all the excavations had water in them. The water level was half way up the

footing, approximately at 177-178.

We tried to pump them out but water kept flowing into the excavations

1
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on the north side from the east. We began to use a second pump. It was

placed in the excavation on the east wall and the other pump was used on the

excavations on the north wall. Water was observed entering excavation #6

from the south side along the underside of the footing next to the steel

sheetpile. While the pump in hole #6 was operated constantly, the other

excavations remained void of any water or water flow. The flow out of the

pump in hole #6 was estimated at 55,000 gallons per day.

No water was observed flowing out of the hole in the steel sheetpile in

hole #5, so excavation #1-#5 were backfilled. Excavation #6 was kept pumped

out during wzrking hours, but filled again every evening.

We decided to investigate where the flow was originating, if possible.

b To that end, excavation #7, #8, and #9 were dug. These were each backfilled

a in turn before digging the next one bezause the water flowing next to the

steel sheetpile just beneath the footing was each time observed to flow from

the north.

The excavation labeled #10 was actually just an enlargement of #6. We

found the source of the water in this one. It was an approximately round

hole roughly 2 inches in diameter located 17-1/2 feet from the exterior

surface of the vertical wall of the northeast corner. It was about 6 inches

below the footing. An estimated 95% of the flow was coming from this hole

while the other 5% came from the south, (the same as was noted in holes #7-

#9).

We kept this hole pumped out by running a small gasoline pump around
U

the clock for two days. The flow was directed down the steps at the north-
U

east corner and flowing away from the north slope. During this time, the

north slope dried noticeably and the flow of water across the sidewalk was

stopped.
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We concluded that if we stopped the flow of water out of t- sbhot. ,u a

that we would have no more problems with the north slope, and could save the

tmoney budgeted for the lining. It was felt that piping this water away to

the nearest sewer could lead to bigger problems. The water could carry away

small particles of soil from underneath the reservoir and cause unwanted

settlement or collapse.

It was decided to try to nlug the hole. A wooden plug was driven into

the hole and a quick setting mortar was applied around the plug. When checked

the following morning, the excavation had water in it. After pumping it out,

it was observed that the plug was holding and was watertight. There was a

flow of water coming into the excavation from the north side, where previously

there was none*

We re-excavated hole #5 to check to see if the water had taken a slight

change in path and was using the hole in the sheetpile observed earlier in

#5. It was not. No water was coming through the sheetpile at that point.

We then plugged the 'hole with quick setting riortar anyvay. Water.

was flowing along the sheetpile beneath the footing and was coming from the

west, where previously there was no flow. We then backfilled #5.

We decided not to pursue locating the source of water any further. We

*felt that no matter what we did, the water would find another way out.

As long as we had the equipment on the job, we excavated in other loca-

tions to compare them to our trouble spot at the northeast corner.

Excavation #11 was dug 30 feet north of the division wall. A gap was

found under the footing that measured 1-1/2 inches. No water was observed

flowing anywhere, but we did not tunnel back to the sheetpile.

Excavation #12 was due 30 foet south of the division wall. As the hole

was dug below the footing, soil began sloughing away from under the footing

and water was seen coming into the hole. Further digging under the footing
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(exposed the end of a very rusty 6 inch water main. Water was trickling out

of the end of the pipe and also out of' the pipe trench surrounding the oipe.

The pipe was running parallel to the vertical wall, under the footing in a

northerly direction towards the east gate chamber. No further exploratory

work was done,

Excavation #13 was dug at the east wall, 10 feet north of the southeast

corner. A gap of 1-1/2 inches was observed beneath the edge of the footing,

but no water was seen. The hole was not tunneled back to the steel sheetpile.b

Excavation #13 was backfilled after observation was completed as was #11 and

* #12. We felt that further digging would not produce any new information so

excavation investigation was halted.

J
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